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Abstract

Dumliella is a genus of green microalga. It is an important organism for the study of
osmoregulation and is cultured for the production of p-carotene. The classification of
Dumliella species is not clear, especially because the morphological characters are
changeable under different culture conditions. As a first step to providing an improved
method for identification and classification, a DNA fingerprinting method called Random
Amplified Polymorphic DNA (RAPD) assay was applied to three Dimaliella species, D.
tertiolecta, D. salina, and D. viridis. A method for extraction of DNA from DunaRella
was developed and the parameters that determine the RAPD pattern were assessed.
RAPD patterns specific to each of the three Dimaliella species were demonstrated.
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Chapter 1: General Introduction and Aims
DunalieUa is a genus of green micro-alga which is able to accumulate large amounts of pcarotene and is being cultured to produce p-carotene in Australia. The precise identification of
i-carotene accumulating species or strains of Dunaliella has become more important because of
this commercial significance.

The traditional classification methods (based mostly on morphological characteristics) do not
satisfactorily enable clear identification of Dunaliella species and strains. This is due to the
variability of morphological and physiological characters of Dunaliella under different culture
conditions, particularly salinity.

To solve this problem, a more reliable classification method is required. In this project, the
method of random amplified polymorphic DNA (RAPD), introduced recently for detecting DNA
polymorphism between different organisms, was applied and developed to identify different
Dunaliella species.

Chapter 2: Literature Review

2.1

General Biology of Dunaliella

:

2.1.1 Taxonomy of Dunaliella

Dunaliella was first suggested as a genus by Teodoresco (1905, cited from Preisig, 1992) and
is now classified under the kingdom Plantae, phylum Chlorophyta, class Chlorophyceae, order
Volvocales and family Polyblepharidaceae.

This classification is based mosdy on

morphological and biochemical characters including shape, colour, and cell contents.

For

example, the class Chlorophyceae is characterized by having chlorophyll a as its dominant
pigment (Butcher, 1959) and the family Polyblepharidaceae is classified as mobile unicells
without a visible cell wall, flagella number varying between one and eight, and cell division by
direct longitudinal fission (Butcher, 1959).

Teodoresco (1905) and Lerche (1937) (cited from Butcher, 1959) described Dunaliella as green
unicellular plants, cells mobile, ovoid, fusiform or nearly cylindrical, two equal flagella, wallless and reproducing by longitudinal division of the cell or by fusion of two motile cells to form
a zygote. Masjuk (1972) divided the Dunaliella genus into two subgenera, Pascheria and
Dunaliella (cited from Preisig, 1992). The major morphological difference between Pascheria
and Dunaliella is that members of the former contain a contractile vacuole while the latter do not.
To date 30 species of Dunaliella have been described, however, only 28 species are presently
recognized.

Of these 28 species 5 belong to subgenus Pascheria and the rest belong to

subgenus Dunaliella (Preisig, 1992).

2.1.2 Common Morphological Features oi Dimaliella:

Generally, Dunaliella as a genus is similar to the genus Chlamydomonas except that Dimaliella
has no cell wall, but it is enclosed by a distinctive mucilagious cell coat (Oliveira, et al , 1980,
cited from Preisig, 1992).

A schematic diagram of D. bardawil is given in Figure 2.1.

Common morphological features for Dunaliella include two mobile flagella of equal length, a
central nucleus and one cup-shaped chloroplast containing a single pyrenoid body where the
starch is stored.
Figure 2.1: Schematic Diagram of D. bardawil
(Simplified from Ben-Amotz and Avron, 1990)

Flagella

Mitochondria

Chloroplast

Carotene globules
lp.m

2.1.3 Oology

oiDunaliella

The most remarkable feature of Dunaliella spp. is their ability to grow in harsh environments
and to survive rapid changes in that environment. Dunaliella is probably the most halotolerant
eukaryotic organism. It is often the only active eukaryote in hypersaline lakes (Brown, 1990).
In some concentrated salt lakes (such as the Dead Sea in the Middle East, the Pink Lakes in
Victoria, Australia, and the Great Salt Lake in Utah, USA), Dunaliella is the only eukaiyotic
photosynthetic organism that has been detected (Ben-Amotz and Avron, 1990). Dunaliella
grows in and has tolerance to a wide range of salinity (from fresh water to 6M NaCl). In
addition to salinity it also shows great tolerance to a wide temperature and pH range (BenAmotz, 1980). Its ability to survive in harsh conditions means it is well adapted for culturing
outdoors in saline pools of arid environments.

2.1.4 Factors Affecting the Growth Rate of Dunaliella

In laboratory culture the doubling times of various Dunaliella species range at least from 5-24
hours (Ben-Amotz, 1980, cited from Brown, 1990).

The growth rate of Dunaliella is

significandy affected by salinity, light intensity, temperamre, pH, availability of a suitable
carbon source, and other components of the medium. The salinity ranges tolerated by some of
the best known Dunaliella species as well as the optimum salinity for growth is given in Figure
2.2. The optimum growth rate can be changed when the alga is 'trained' by serial transfer to
higher or lower salinity (Borowitzka et al, 1977, cited from Brown, 1990).

D. primolecta
D. tertiolecta
D. bioculata
D. bardawil
D. parva

ssssssssss
vSSSSVsSi

D. viridis
D. salina

0

I

10
15
% NaCl (w/v)

I

20

I

25

30

35

Fig 2.2: Salinity Ranges for Tolerance and Growth of Dunaliella (modified from Meldahl,
1990). The solid areas indicate the salinity tolerated by Dunaliella species. The salinity for
optimum growth of these species is indicated by the shaded area. The left-hand arrow
indicates sea water salinity and the right-hand an'ow indicates NaCl saturation.

In common with all plants, the chloroplast of DimalieUa utilises light in the visible region (400
to 700 nm) of sunlight At low light intensity, photosynthetic rate of Dimaliella is proportional
to light intensity, whereas at high light intensity the photosynthetic rate reaches a ceiling and
does not respond to further increases in light intensity. This phenomenon is known as light
saturation. The light intensity for the light saturation of DimalieUa has been reported to be
between 6.0 and 10.0 KLux, and the rate of photosynthesis of Dimaliella is higher under blue
light than under white light (AbduUaev and Semenenko, 1974, cited from Ben-Amotz, 1980).
DimalieUa can tolerate temperatures from below freezing to 45°C, and the optimal growth
temperature is around 32°C (Ben-Amotz, 1980). The pH optimum for the growth of most
Dunaliella species is between pH 7 and pH 9, but even at pH 6 and pH 10 about two thirds of
the growth rate can still be maintained (Ben-Amotz, 1980). Photosynthesis represents the
primary means of carbon assimilation for DimalieUa. Most Dimaliella species cannot utilize
organic carbon compounds, whereas both CO2 and bicarbonate can be utilised as an inorganic
carbon source (Ben-Amotz, 1980). Elements considered to be essential for the growth of
DunaUeUa (in addition to carbon) are nitrogen, phosphorus, sulphate, magnesium, potassium,
calcium and four micronutrients; manganese, zinc, cobalt and copper (Ben-Amotz, 1980).
2.2 Osmoregulation of Dunaliella:
The lack of arigidcell wall means that Dimaliella cells are unable to withstand significant turgor
pressure. As discussed previously, DimalieUa spp. show a remarkable capability to adapt to
changes in salinity. Exposed to hypertonic or hypotonic conditions DimalieUa cells shrink or
swell immediately, but within 90 minutes the cell volume returns to the initial size (Ben-Amotz
and Avron, 1973 and Ben-Amotz, 1975). The intracellular concentration of glycerol responds
directly to external salinity strongly suggesting that glycerol is the major osmoregulator of
DunaUeUa (Ben-Amotz and Avron, 1978 and 1981). The identified metaboHc pathway of
glycerol synthesis and degradation is shown in Figure 2.3.

Chloroplast

ADP

starch
Pi

ADP-Glucose

Glucose 1-P

-r^PPi

A

NADPH K
6-P-Gluconate
CO
NADPH
Ribulose 5-P

ATP

Glucose 6-P

X
Fructose 6-P
ATP
(Pi)

A

Pi

Fructose 1,6-bis-P
A

3-Phosphoglycerate

V-CO2
Dihydroxyacetone-P

Ribulose 1,5 bis-P

Dihydroxyacetone-P

Dihydroxyacetone

Glycero

Cytosol

Figure 2.3 Metabolism of Glycerol in Dunaliella (from Avron, 1992).
Pathways leading to glycerol synthesis and reassimilation are distinguished by solid or open
arrows, respectively. Suspected regulatory enzymes are indicated by bold arrows.

2.3 The Commercial Significance of

Dunaliella:

Dunaliella is cultured outdoors for the production of P-carotene in Australia (Borowitzka et al,
1984). p-carotene has long been used as a colouring agent in food products. It is a harmless
food additive and is one form of pro-vitamin A. Vitamin A (retinol) has a very important role in
the visual system and appears to have other roles, since vitamin A deficiency has many
symptoms (Mathews and van Holde, 1990). Vitamin A cannot be synthesized by human cells
and therefore must be ingested. In vivo, P-carotene is oxidized into 2 molecules of retinal, a
metabolic precursor of retinol (Mathews and van Holde, 1990). p-carotene is an excellent
source of vitamin A, since even massive doses of P-carotene ingested do not cause toxicity
(hypervitaminosis A). This is because redundant P-carotene is stored in the adipose tissue with
no known medically significant side effects (Peto et al, 1981).

In addition to its role as a pro-vitamin, p-carotene has been implicated as an anti-cancer agent
The discovery of the anti-cancer effect of p-carotene can be traced back to epidemiological
studies in the 70's (Peto et al, 1981). Significant evidence was produced to show that human
cancer risks are inversely correlated to blood retinol and dietary P-carotene (Peto et al, 1981).
However, at that time it was not certain whether retinol or p-carotene was responsible. Later
evidence for an anticancer effect included a reduction in the appearance of sister chromatid
exchange induced by mutagens by the addition of p-carotene to cell culture media (Weitberg,
1985). The injection of P-carotene into animals resulted in a longer latent period and slower
growth rate of skin cancer induced by exposure to UV light (Epstein, 1977). Since in most
cases, the administration of p-carotene prolongs the latency of cancer without decreasing the
number of animals witii cancer, it is very likely that p-carotene works by slowing the
promotional phase of the cancer development (Krinsky, 1988). Although the mechanisms are
not yet clear, it has been suggested that p-carotene may be a very important chemopreventive
agent against human cancer (Krinsky, 1988).

All species of Dunaliella produce p-carotene. However, D. hardawil and D. salina accumulate
high levels of P-carotene, especially under high salt, high light mtensity and low nitrogen
conditions (Ben-Amotz and Avron, 1983). Three possible reasons for this accumulation have
been suggested by Ben-Amotz and Shaish (1992): (1) Carbon storage - P-carotene is
accumulated and stored as an extra-photosynthetic product for later use under limited growth
conditions; (2) Singlet oxygen quenching - p-carotene protects against chlorophyll-catalyzed
singlet oxygen production and other possible excited chlorophyll damaging agents; and (3)
Absorption effect - P-carotene protects the cell against injury by high intensity light under
nutrient-limited growth conditions by acting as a screen to absorb excess radiation.
There are many reasons why Dunaliella is well suited for the production of p-carotene from
Dunaliella. Firstly, D. salina and D. bardawil can accumulate high levels of P-carotene. Under
certain growth conditions, it has been reported that 8% of the dry weight of D. bardawil was pcarotene (Ben-Amotz et al, 1982). Secondly, very little prédation and/or competition occurs in
environments where D. hardawil and D. salina are able to grow and accumulate P-carotene
(Borowitaka et ai, 1984). Thirdly, improved methods of harvesting from the outdoor culture
and extraction of p-carotene from DunaUella make it price competitive with P-carotene from
chemically produced methods (Ben-Amotz and Avron, 1990).
Dunaliella is able to synthesize two different P-carotene isomers (Ben-Amotz et a/., 1988 and
Ben-Amotz and Avron, 1989), the dUl-trans and 9-cis isomers (Figure 2.4). Synthesis by
established commercial methods yields the all-iroAw isomer only. The dietary role of these two
isomers is not clear, however, in animal experiments, considerable amounts of 9-cis isomer
have been shown to be present in tissue (in addition to the 2^1-trans form), while only trace
amounts of 9'Cis isomers were observed in serum (White et al, 1993). Therefore, the
production of 9'Cis isomers could be important supposing this plays an important role in
maintaining normal cell function in tissue.

Fig 2.4: Isomers of p-carotene

^W-trans

2.4

Limitations in the Classification of Dunaliella

Species by Morphology

The traditional classification of Dunaliella species is dependent mostly on morphological
characteristics including shape, color, absence of cell wall, the nature of the flagella and the
varied contents of the cells, such as eye-spot, pyrenoid, nucleus, starch, lipid and contractile
vacuoles (Butcher, 1959). However, most of these characteristics are variable with different
culture conditions. For example, cell size and cell shape are key taxonomic parameters for the
traditional identification oi Dunaliella species. The shape of cells of this genus is variable (most
of them are ovoid or pyriform), and the size varies from 5 to 25 |im in length and 3 to 13 }im in
width (Butcher, 1959).

The lack of a rigid cell wall permits the shape and size to vary in

response to changing osmotic pressure (Ben-Amotz and Avron, 1978). In addition to cell size
and shape, the hpid component of the membrane (Peeler et ai, 1989), the amounts of pigments,
such as p-carotene (Ben-Amotz and Avron, 1988), as well as the growth rate (Preisig, 1992)
also vary under different culture conditions (especially salinity). Overall, the variability has
caused considerable confusion with regard to the absolute identification of the species of
Dunaliella.

The requirement for a more precise classification of Dunaliella spp. assumed commercial
importance after Dunaliella began to be cultured for the production of natural p-carotene
(Borowitzka, 1984). For example, it has been argued that the D. bardawil and D. salina
reported by Ben-Amotz and Avron (1982) could be the same as the D. salina and D. parva
reported by Borowitzka etal (1984), respectively. Furthermore, identification of D. salina by
Borowitzka's group is not precise because all forms of cells that contain relatively high amounts

of p-carotene were considered to be D. salina Teodoresco. Therefore, there could be some
variants within the general description of D. salina Teodoresco. In a recent classification system
proposed by Preisig (1992), D. bardawil is considered as a misname of D. salina and D. salina
includes two sub-species (ssp. salina, and ssp. sihirica). The sub-species salina contains three
formae (fo. salina, fo. magna, and fo. ohlonga).

In addition to the difficulties in communication and comparison, confusion of the identity of
DwioUella species could cause other problems. In the commercial production of P-carotene
from Dimaliella, the organism is harvested from outdoor lakes with no direct control over the
species cultured. Nutrients are added to the lakes to increase the yield of P-carotene on a trialand-error basis. This mode of operation is typified by the production facility of Betatene Ltd. at
Whyalla, South Australia (R. M. Lilley, personal communication).

The ability to clearly

identify all species of Dunaliella would greatly enhance the ability to manipulate the lakes for
further yield improvements.

To solve the classification problems of Dunaliella species, more needs to be known about the
nature of the cell contents, cell morphology and biochemistry. However, the most pressing
need is for the discrimination of the species of interest from other species. Since the cell
contents and morphology of Dunaliella are so different under variant culture conditions,
methods based on the sequence of DNA, which cannot be changed by different culture
conditions, could be an ideal way to serve this purpose.

2.5 Traditional Detection of DNA Polymorphism
In contrast to other phenotypic markers, the use of molecular markers to detect specific DNA
sequences has the advantage that they cannot be changed by the environment and thus represent
a more reliable way to identify and study the genetic relationship between different organisms.
These differences in the DNA sequences are called DNA polymorphisms. Conventionally,
DNA polymorphism is revealed by methods based on Southern hybridization. Two different
forms of DNA polymorphism can be thus revealed by the endonuclease digestion of genomic
DNA and detection using a labeled probe. The first form is caused by mutations within
endonuclease sites and is termed restriction fragment length polymorphism (RFLP) (Kan et al,
1976). RFLP has been applied extensively in genetic sUidies (Botstein et al, 1980) and the
diagnosis of disease (Kan et a/., 1976). A second form of DNA polymorphism results from
variations in the number of tandemly repeated DNA sequences lying between two restriction
sites. The sequences are 2-60 nucleotides long and the number of alleles at these variablenumber tandem repeat (VNTR) loci can vary from 2 to more than 20. These polymorphisms
have become particularly important in the forensic application of DNA techniques PNA
fmgerprinting) (Jefferys et al, 1985; Wetton et al., 1992).
2.6 Amplified Fragment Length Polymorphism
Between 1990 and 1991, a new assay for DNA polymorphism modified from the basic PGR
technique was developed in three different laboratories. This procedure, which has been
variously called the randomly amplified polymorphic DNA assay (RAPD) (Williams et al,
1990), arbitrarily primed polymerase chain reaction (AP-PCR) (Welsh and McClelland, 1990),
or DNA amplification fingerprinting (DAF) (Caetano-Anolles et al, 1991), revealed a new form
of polymorphism called AFLP (Amplified fragment length polymorphism). These methods
detect nucleotide sequence polymorphism in a DNA amplification-based assay using only a
single primer of arbitrary selected nucleotide sequence, instead of a pair of primers designed
with prior knowledge of the 5' and 3' sequences of the targeted DNA segments.

Basically, these three methods all utilised same principle and general procedures. In this
reaction (shown in Figure 2.5), a single species of arbitrarily selected primer binds to the
genomic DNA at random sites on both strands of the genomic DNA template. During PCR the
DNA fragments between those sites within amplifiable distance will be amplified. Using gel
electrophoresis and staining, the amplified fragment can be separated and analyzed. Such an
experiment will yield an overall "band pattern' of DNA fragments. This means under the PCR
conditions, some DNA fragments were preferentially amplified. Depending on comparisons of
band patterns derived from different organisms, the application of such methods are widespread
and include identification of strains of interest for both eukaryotic and prokaryotic organisms
(Jayarao et al, 1992; Bassam et al, 1992; Bostock et a/., 1993), phylogenetic studies of
different strains (Russell, et al., 1993), gene mapping (Martin et al.y 1991; WiUiams et al,
1992; Williams et al, 1993) and population genetics (Wilde et al, 1992).

Figure 2.5: Generation of Random Amplified Polymorphic DNA
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The major difference between RAPD, AP-PCR and DAF are the methods of separation and
detection of DNA fragments after PCR. A comparison of these three methods is given in Table
2.1.

Table 2.1: Comparison between DAF, AP-PCR and RAPD
(modified from Caetano-Anolles et al., 1992a)

resolution
no. of bands
separation
visualization
primer length
primer conc.
stringency

DAF
high
10-100
polyacrylamide gel
silver staining
5-15 nt
3-30 mM
low or high

AP-PCR
intermediate
3-50
polyacrylamide
radiolabelling
20-34 nt
3niM
high and low

RAPD
low
1-10
agarose gel
EtBr staining
9-10 nt
0.3 mM
low

Since it seems unreasonable to give what is basically the same method three different names
simply because of different experimental conditions, the name RAPD will be used here because
it is the most widely accepted term. Compared with traditional DNA fingerprinting methods,
the major advantage of RAPD is that it requires no prior knowledge of the DNA sequence.
RAPD could thus serve the purpose of identifying different Dimaliella species for which very
litde genetic information currently exists.
In this project, acrylamide gel electrophoresis followed by silver staining (Bassam et al, 1991)
was the method chosen to generate and visuaHse the AFLP, because it does not require the use
of radio-isotopes and can produce a more informative band pattern than using agarose gel
electrophoresis followed by ethidium bromide (EtBr) staining (Bassam etal, 1991).

2.7

Reliability of the Random Amplified Polymorphic DNA Assay

Ideally, for RAPD, similarity between DNA band patterns has been considered to indicate
homology between the original templates. Homology in this case means homology at the
primer annealing sites and the same or very similar length of the amplified region between
primer annealing sites. In the case of phylogenic studies, the cause of different band pattems
has been suggested to be point mutations at primer annealing sites and insertions or deletions
between the primer annealing sites (WiUiams et al, 1992).
These principles are based on the assumption of perfect matching between primer and annealing
site. In other words, the primers are assumed to be perfectly complementary to the primer
annealing sites and all the DNA fragments within the primer annealing sites with an amplifiable
length are amplified equally. However, so far very few studies have been carried out to test this
assumption and so it remains unproved.
The most informative smdy concerning the primer-annealing site specificity problem came from
the study of Caetano-Anolles et al (1992b). In this study, the length of primers was varied by
adding specific nucleotides at the 5' end and these were used to amplify DNA from bacteria.
Since all of these primers share the same nucleotide sequence at the 3' end, the DNA fragments
amplified with the shorter primer should include all the DNA fragments that can be amplified
with longer primers. Thus, using shorter primers it was expected that more bands would be
amplified than using longer primers. Surprisingly, it was found that using longer primers
alwaysrevealedmore bands. Similar results also found by MacPherson et al (1993). On the
other hand, Caetano-Anolles et al (1992b) found that using the shorter primers toreamplifythe
DNA fragments previously ampUfied with longer primers did not yield all the DNA fragments
from the longer primer. This is clear evidence that not all the DNA fragments with suitable
primer annealing sites within ampUfiable distance can be amphfied equally, even though the
primers are supposed to be completely complementary to the anneahng sites.

To explain this, the model in figure 2.6 was suggested by Caetano-Anolles et al (1992b).
Theoretically, this model was based on the assumption that since one species of primer
was used, the 3' and 5' ends of the template were completely complementary to each other.
If both of these ends match, a loop structure could be formed during the process of PCR
amplification. Therefore, the primers may have to compete for the annealing sites with the
intra-strand sequence of the template, and this loop structure could affect the anchoring of
polymerase. Longer primers are thought to be able to open the loop structure and compete
more efficiently for the primer annealing sites.

Fig 2.6: Model suggested to Explain the Low Efficiency of PCR with a Shorter Primer
(Modified from Caetano-Anolles et al, 1992b)

Template D I ^
Loop Structure

1: Denaturation, 2: Renaturation, 3: Primer annealing, 4: Primer dissociation
5: Formation of loop structure, 6: Defomiation of loop structure

This model may satisfactorily explain some of the results of Caetano-Anolles et al (1992b).
However, since these comparisons were made using the same annealing temperature (30°C), the
stringency for the longer primers to anneal to the template was lower than that of shorter
primers. Under these conditions, the possibility for the DNA fragments to be amplified with
incomplete matches (between primer and template) by longer primers is higher than that of
shorter primers. Therefore, the assumption that DNA amplified with the longer primer
contained perfectly complementary primer annealing sites for shorter primers could be wrong.
Actually, several single base-substituted primers can also reamplify the DNA fragments
previously amplified by non-substituted primers (Caetano-Anolles et al, 1992b). This was
strong evidence that it was not necessary for the primers to be completely complementary to the
template to amplify DNA fragments, and suggests their assumption was incorrect.
Furthermore, the DNA fragments amplified by using longer primers was always greater than
would be expected (supposing the primers were completely complementary to the template) and
this also cannot be explained simply by their model.
In addition to the primer effects, it has been found that using different preparations of
polymerase, thermal cycler, temperaUire profile as well as different concentration of Mg2+,
dNTP, primer and template DNA can affect both the reproducibility and complexity of AFLP
(Bassam, et al 1992 and MacPherson et al, 1993). Thus, the reUabUity of RAPD/DAF has the
potential to be low (Waugh and Powell, 1992), and as pointed out by Meunier and Grimont
(1993) " An exchange of RAPD data between laboratories should take into consideration the
sources of variation, and standardized methodology should be devised. However, one cannot
guarantee the invariability of a given performance of Taq DNA polymerase or a PGR apparatus
over the years. A reproducibUity sUidy should also be carried out for AP-PGR and DAF which,
in principle are similar to RAPD."

2.8 General Technology Background
2.8.1 DNA Isolation
Generally, methods for purification of genomic DNA can be separated into three stages:
breakage of the cells, extraction of DNA (by exploiting the difference in properties between
DNA, protein and other constituents) and further treatment to concentrate and purify the DNA
sample obtained. Some commonly used methods are given in Table 2.2.
Table 2.2: Summary of the Methods Commonly Used in Purification of DNA
(Summarised from Sambrook et al, 1987)
Stage 1:
Stage 2:

Stage 3:

Breakage of cells
-grinding in liquid N2
-using detergents (e.g.. SDS, sarkosyl)
DNA extraction
-proteinase K digestion
-RNase digestion
-denaturation of protein with guanidine-HCl or formamide
-CTAB extraction
-phenol, chloroform, isoamyl alcohol or other extraction
-spooling DNA out with sealed Pasteur pipettes
Further treatment
-high salt (e.g.. sodium acetate, ammonium acetate) with ethanol or
isopropanol precipitation.
-washing with 70% alcohol to remove the salt.
-dialysis to remove the contamination of small molecules or concentrate the
sample
-CsCl gradient to isolate the DNA of different molecular weight or further
purifytfieDNA sample obtained

2.8.2 PGR Conditions

From the biochemical viewpoint, PGR is an in vitro method for increasing specific nucleic acid
sequences relative to that of other nucleic acids in a reaction mixture. The success of PGR
depends on the choice of the following elements:

(1) a target sequence in genomic DNA or cDNA;
(2) two synthetic oligonucleotide primers which are complementary to the ends of the target
sequence on opposite strands with the 3'-0H ends toward each other;
(3) a DNA polymerase catalysing DNA synthesis in the direction from 5' ends to 3' ends;
(4) concentration of dNTP's to be incorporated into the synthesized DNA segments;
(5) a divalent metal ion (Mg2+ is generally used) to satisfy poorly understood enzymological
requirements;
(6) a thermal cycler controlling the denaturation of double stranded DNA template, the annealing
of the primers and the extension of synthesized DNA.

Theoretically, PGR is a very complex reaction and each of the factors described above can
affect the productivity of the targeted genes, specificity of genes amplified and fidelity of
incorporation of dNTP's. An oudine of the concentrations of PGR reagents and guidelines that
have became widely accepted as the basis for the optimization of PGR amplifications are given
in Tables 2.3 and 2.4, respectively.

Table 2.3: Typical Concentrations of PGR Reagents and Template
(cited from Bloch, 1991)

Component
Taq pol I
Mg2+

Typical size

Typical concentration (M)

94KDa

10-9
10-3 - 10-2

dNTP (each)
Primer (each)

15 - 30 nt

10-5 - 10-3
10-7 . 10-6

Target DNA
genomic

105 - 107 nt

10-20- 10-15
(1-105 copies/100 Ml)

cDNA

102-104 nt

10-20. 10-15
(1-105 copies/100 \Jil)

intermediate strand

102- lO^nt

short strand

102- 103 nt

10-19.10-14 (final)
10-10. 10-7 (final)

Table 2.4: Guideline for Optimization of PGR Amplification
(Summarized from Innis and Gelfand, 1990)

Factors
DNA
Polymerase

dNTP
Magnesium

Primer
annealing
temperature

Primer

Effects
1. If the enzyme concentration is too high, nonspecific background
may accumulate.
2. If the enzyme concentration is too low, the yield of desired
product is insufficient.
3. Taq polymerase from different suppliers may give different
results.
1. The specificity and fidelity are increased by using lower dNTP
concentration.
1. Magnesium may affect the following: primer annealing, strand
dissociation temperatures of both template and PGR product,
product specificity, formation of primer-dimer artefacts, and
enzyme activity and fidelity.
2. EDTA and other chelators may disturb the magnesium optimum.
1. The annealing temperature and length required for primer
annealing depend on the base composition, length, and
concentration of the amplification primers.
2. An applicable temperature is 5°G below the true Tm of the
amplification primers, thus using longer primer and primers with
higher G-G content the annealing temperature can be increased to
improve the specificity.
1. Higher primer concentration may promote mispriming and
accumulation of nonspecific product and the nonspecific products
can compete with the desired product for enzyme dN TPs and
primers resulting in a lower yield of the desired product.

Chapter 3: The Extraction and Purification of DNA from
Dunaliella
3.1 Chapter Introduction
To reduce the effects of possible enzyme inhibitors and other contaminants, a satisfactory
purification of DNA must be the first step towards random amplified polymorphic DNA
(RAPD) assay.
In this laboratory, previous attempts to purify genomic DNA from Dimaliella encountered
problems. The highest purity (260 nm/280 nm) was 1.4 and attempts to apply RAPD to this
sample failed (Myers, 1992), although DNA from other organisms was successfully utilised. It
seems to be unusually difficult to isolate good DNA preparations from Dunaliella.
The strategy for this part of work was to assess those methods most likely to succeed in
purifying genomic DNA from D. tertiolecta, taking previous experience into account. This
species grows much faster in the culture conditions of our laboratory than D. salina, and was
therefore chosen for development of DNA extraction procedures. The method was
subsequently applied to D. salina and other species. It may be important to apply the same
purification method to all species to ensure that AFLP results are comparable.
During this project, two different methods were selected and modified to yield genomic DNA
preparations from D. tertiolecta. These methods were based, respectively, on cetyl trimetiiyl
ammonium bromide (CTAB) (Towner, 1991) and SDS-potassium acetate (Long et al, 1989)
extraction. After extraction and purification of DNA, the susceptibHity to hydrolysis by
restriction endonuclease was investigated.
The criteria for a 'satisfactory' DNA sample were a 260 nm/280 nm extinction quotient higher
than 1.8 (which indicates no significant protein contamination) and capable of hydrolysis by

restriction endonuclease (which indicates no significant contamination by common enzyme
inhibitors, such as proteinase and residual detergent).

3.2 Materials and Methods
3.2.1 Dwna/zW/aCeUCulture
D. tertiolecta cultures were grown in the solution containing: 5 mM KNO3, 5 mM MgS04, 0.2
mM CaCl2,0.2 mM KH2PO4, 2 ^iM FeCl3, 5 ^M Na2EDTA, 7 ^M MnCl2, l|iM CUCI2, ImM
ZnCl2, l^iM C0CI2, l^iM (NH4)6Mo7024.4H20, 10 mM NaHCOa and variant concentrations
of NaCl (0.17M for D. tertiolecta, 4.0 M for D. viridis and 4.5 M for D. salina). The pH of
this solution was adjusted to 7-7.5.
100 ml of D. tertiolecta and D. viridis were grown in a 250 ml autoclaved flask with stirring,
gassed with 5% CO2 in air, at 28°C witii Ught intensity 280 M.E.m-2.s-l. Cells growing in late
log phase were harvested for DNA extraction.
Cultures (1 L) of D, salina were grown in 5 L autoclaved conical flasks without stirring or
gassing. This culture condition simulated material collected from natural or managed lakes.
Under this condition, the growth rate of the cells was very slow. Therefore, a two year old
culture were used. Since these cells were from a two year old culture they were at the stationary
phase.
3.2.2 DNA Extraction with CTAB
The purification of DNA from plant cells may be preferentially performed by using CTAB
extraction (Towner, 1991). Usually, this method is efficient in removing contamination of
polysaccharides and secondary metabolites (Towner, 1991). CTAB is a positively charged
detergent which forms a soluble complex with negatively charged DNA in high salt
concentration. Decreasing the salt concentration in the following step causes precipitation of
DNA leaving other compounds in solution.

The CTAB extraction method applied here was modified from Towner (1991). The cells were
broken by grinding in a mortar with liquid N2. The powdered cells and the whole cell contents
were dissolved in high salt CTAB buffer. After incubation, the protein and some CTAB was
extracted by two chloroform-isoamyl alcohol (24:1) extractions. The partially purified DNA
was then precipitated by decreasing tiie salt concentration and collected by centrifugation. The
DNA pellet was dissolved in TE buffer containing 1 M NaCl. Following this, 2 volumes of
ethanol was added to reprecipitatetiieDNA. Following centrifugation to collect the DNA pellet,
70% ethanol was added to wash tiie DNA. Finally, tiie DNA sample was dissolved in TE
buffer. The procedure details and buffers for CTAB extraction are given in Appendix I.
Further purification of DNA preparations was attempted by chloroform-isoamyl alcohol
extraction. SDS was added to a concentration of 0.5% and Proteinase K was added to digest
the protein. After incubation at either 37 °C overnight or 50 "C for two hours, the sample was
mixed with one volume of chloroform-isoamyl alcohol (24:1). After centrifugation at 10,000g
for 10 minutes, the upper aqueous sample was collected by micro-pipette. In a successive
chloroform-isoamyl alcohol extraction, SDS and proteinase K were added only at the first
extraction.
3.2.3 DNA Purification with SDS-potassium acetate
SDS-potassium acetate purification was applied as described by Long et al (1989). The cells
were lysed by SDS, and tiie cell debris removed by centrifugation. DNA and RNA were
precipitated by potassium acetate and ethanol. Precipitated DNA was collected by spooling out
the DNA with a Pasteur pipette. Contaminating RNA and proteins were removed by RNase
digestion and chloroform-isoamyl alcohol extraction. After chloroform-isoamyl alcohol
extraction, a second precipitation was performed by bringing tiie solution to 250 mM sodium
acetate and adding 0.6 volumes of isopropanol. Finally tiie DNA was coUected by spooling
out.

Four attempts were made to purify DNA from D. tertiolecta using this method with
modifications at each attempt Details of these modifications are discussed separately in section
3.3. The detailed procedure and buffers for SDS-potassium acetate purification are given in
Appendix n.
One purification was performed for D. salina and for D. viridis. D. salina cells were harvested
by filtration through Whatman Glass microfibre filters (GF/A, 2.5 cm) instead of centrifugation.
In some cases the concentration of DNA in preparations was not high enough to be analysed by
agarose gel electrophoresis, DNA samples were then reprecipitated and redissolved in TE
buffer. The following procedure was performed.
i. Sodium acetate was added to 250 mM .
ii. Isopropanol (0.6 volumes) was added and incubated at room temperature for 5 minutes.
iii. The DNA pellet was collected by centrifugation at 5000g for 15 minutes.
iv. The DNA was washed with 70% ethanol and redissolved in TE buffer.
3.2.4 Restriction Enzyme Digestion, Gel Electrophoresis and Staining.
The restriction enzyme digestions were typically performed using a 20 ^Q reaction mixture
(Sambrook et al, 1987) with 40 U of restriction enzyme {Hind III, EcoR I, Msp I or Hpa II),
incubated at 37°C for 1 hour. The samples were loaded on 0.7% agarose gels. Electrophoresis
at 50 Volts in TAE buffer was performed until the tracking dye left the gels. The gels were
stained with ethidium bromide (50 ^g/ml) in TAE buffer.

3.3 Results and Discussion
3.3.1 CTAB Extraction of DNA from D. tertiolecta
In this extraction, the purity (260 nm/280 nm) of the DNA sample obtained was low. The DNA
was subjected to seven successive chloroform-isoamyl alcohol extractions which increased the
purity quotient to 2.0. The results before and after furtiier chloroform-isoamyl alcohol
extractions are given in Table 3.1.
Table 3.1: Results of CTAB Extraction of DNA from D. tertiolecta
Samples
After CTAB
Extraction
After Further
Extraction

260 nni/280 nm

Cone. (|ig/ml)

1.2
2.0

Yield (^Lg)

0.085

Vol. (ml)
0.26

0.03

0.10

3.0

22.1

After CTAB extraction the 260 nm/280 nm quotient of DNA was 1.2, indicating that much
protein remained after the purification procedure. This result is littie better than that reported
(1.04) by Myers (1992) using a similar procedure. Further chloroform-isoamyl alcohol
extractions seemed to remove the protein contamination. However, most of the DNA was lost
during the extraction procedures. Also, the values of extinction at 260 nm and 280 nm were
very low, affecting the accuracy of this result. Although a high purity of DNA sample was
achieved, the successive chloroform-isoamyl alcohol extractions reduced the yield of DNA, and
hence this method was considered to be unsatisfactory.

3.3.2 SDS-Potassium acetate Purifications of DNA from D. tertiolecta

3.3.2.1 First SDS-potassium acetate Purification

For the first SDS-potassium acetate purification, 100 ml of D. tertiolecta culture was harvested
for DNA extraction. The procedure was as described in Appendix II, except that the DNA was
collected (after the addition of potassium acetate and ethanol) by centrifugation rather than
spooling out. This modification was necessary because the DNA could not be spooled, due
perhaps to excessive strand breakage. The 260 nm/280 nm quotient of the extracted DNA was
1.6, below the ideal value of 1.8 (Sambrook et al,

1987).

A second extraction with

chloroform-isoamyl alcohol was performed (step 8, Appendix II-l). The results are given in
Table 3.2.

Table 3.2: Results of First SDS-potassium acetate Purification of DNA from D. tertiolecta

Samples

260 nm/280 nm

Cone, (^ig/ml)

Vol. (ml)

Yield (\ig)

1.6

12.1

3.0

36.3

1.4

16.2

1.5

24.3

After SDSpotassium acetate
Extraction
After Further
Extraction

The purity of DNA sample extracted by SDS-potassium acetate purification was higher than
with CTAB. The subsequent chloroform-isoamyl alcohol extraction did not further improve
this and still resulted in a loss (about 27%) of DNA. The only difference between this first
SDS-potassium acetate purification and that reported by Long et al, (1987) was the method of
DNA collection and it is possible that collecting the DNA by spooling could give a better result

3.3.2.2 Second SDS-potassium acetate Purification
The difference between the second and the first SDS-potassium acetate purification was that in
the second purification the precipitated DNA was collected by spooling out. The 260 nm/280
nm quotient of this DNA was 1.79, however, the concentration was not high enough to be
analysed by agarose gel electrophoresis. Therefore, the DNA was precipitated with sodium
acetate and isopropanol and redissolved in TE buffer (repeat steps 9 to 11, Appendix II-l). The
results are given in Table 3.3.
Table 3.3: Results of Second SDS-potassium acetate Purification of DNA
from D. terttolecta
Samples
260 nm/280 nm
After SDSpotassium acetate
1.79
Extraction
After Further
1.5
precipitation

Cone, (^xg/ml)

Vol. (ml)

Yield (^ig)

8.95

3

26.85

15

0.13

1.95

In this case, a DNA preparation with higher purity was achieved. However, the concentration
of this sample was low. Most of the DNA was lost during the reprecipitation. This indicates
that the conditions used for the reprecipitation were not optimal. Comparing the procedure used
here with the first SDS-potassium acetate purification, it is evident that a significant amount of
DNA was lost at the stage of sodium acetate-isopropanol precipitation.

3.3.2.3 Third SDS-potassium acetate Purification
To avoid loss of DNA during the sodium acetate/isopropanol reprecipitation, this step was
omitted. In the third SDS-potassium acetate purification, DNA was spooled out after potassium
acetate-ethanol precipitation and dissolved in 2 ml of TE buffer. After RNase digestion and
chloroform-isoamyl alcohol extraction no further precipitation was performed. The amount of
the resultant DNA was about 10 times higher than the previous results, however, the purity was
low. Therefore, a second chloroform-isoamyl alcohol extraction was performed. The results
are given in Table 3.4.
Table 3.4: Results of Third SDS-potassium acetate Purification of DNA from D. tertiolecta
260 nm/280 nm
Samples
After SDSpotassium acetate
1.10
Extraction
After Further
1.11
Extraction

Cone. (|Xg/ml)

Vol. (ml)

Yield (^ig)

132.9

2.0

265.8

129.6

1.7

220

Elimination of the sodium acetate-isopropanol precipitation step gready increased the yield of
DNA. However, the purity of the resultant DNA was low and was not improved by the further
chloroform-isoamyl alcohol extraction. This result confirmed that chloroform-isoamyl alcohol
extraction was not efficient in removing the protein contamination. It was concluded that the
sodium acetate-isopropanol precipitation step was essential to achieve high purity despite its
resultant low yield.

3.3.2.4 Fourth SDS-potassium acetate Purification

Based on the findings of the three previous SDS-potassium acetate purifications, it seemed
possible to prepare DNA of sufficient purity and concentration by this procedure but starting
with a larger amounts of cells. Therefore, in the fourth SDS-potassium acetate purification,
DNA was purified from 800 ml of D. tertiolecta culture and the amounts of reagents were
proportionally increased. After RNase digestion, the DNA sample was reprecipitated with
sodium acetate and isopropanol, and redissolved in TE buffer. The results are given in Table
3.5

Table 3.5: Fourth SDS-potassium acetate Purification of DNA from D. tertiolecta

260 nm/ 280 nm

Conc.(fig/ml)

Vol. (ml)

Yield (^xg)

1.98

336

4

1344

Since the purity and yield of DNA sample from the fourth purification were both high, the
previous assumptions regarding the effectiveness of chloroform-isoamyl alcohol extraction and
sodium acetate-isopropanol precipitation were supported.

This method provides a simple

procedure to purify DNA from D. tertiolecta without the use of proteinase or chloroformisoamyl alcohol.

3.3.3 SDS-potassium acetate Purification of DNA from D. viridis

One purification of DNA from D. viridis was performed with exactly the same SDS-potassium
acetate purification as that established for D. tertiolecta (3.3.2.4). A DNA preparation of high
purity (260 nm/280 nm) was obtained (Table 3.6)

Table 3.6: SDS-potassium acetate Purification of DNA from D. viridis
260 nm/280 nm
2.07

Cone. (|ig/ml)
216.5

Volume (ml)
2

Yield (ng)
433

3.3.4 Purification of DNA from D. salina
A purification of genomic DNA from D. salina was attempted using the same method
developed for D. tertiolecta. Because D. salina cultures had ceU densities much less than D,
tertiolecta a 3 litre volume of D. salina culture was harvested. The harvesting method has been
described (section 3.2.3), and the DNA was collected by centrifugation instead of spooling out.
The purity and concentration of this preparation is given in Table 3.7
Table 3.7: Results of SDS-potassium acetate Purification of DNA from D. salina
260 nm/ 280 nm
1.1

Conc.(^g/ml)
200

Vol. (ml)
0.4

Yield (^ig)
80

The purity and amount of the DNA preparation from D, salina was much less than that from D.
tertiolecta and D. viridis. This could be due to differences in cell contents of different species or
growth phase of cells. No attempt to further purify DNA with SDS-potassium acetate
purification from D. salina was made because to grow sufficient amount of D. Salina cells for
SDS-potassium acetate purification would take a long time (3.2.1).
A further DNA preparation from 10 ml of D. salina culmre was made using a commercial DNA
extraction kit (Insta gene, Bio-Rad). This also served to test for the possible effects of different
DNA preparation procedures. The purity and concentration of the DNA obtained from InstaGene is given in Table 3.8

Table 3.8: Result of Purification of DNA from D. salina
Using Insta Gene (Bio-Rad)
260 nm/280 nm
1.67

Cone. (|ig/ml)
33.6

Vol. (ml)
1.5

Yield ()ig)
50.4

With the commercial DNA extraction kit (Insta Gene, Bio-Rad), DNA of Higher purity was
obtained from D. salina. The yield of DNA (50.4 |ig from 10 ml of cell culture) using this kit
was also comparatively higher than using SDS-potassium acetate method (80 |Lig form 3 L of
cells). It seems to be a better DNA extraction method than SDS-potassium acetate purification.
However, whether DNA with different purification methods would affect the result of RAPD is
not known. Therefore, both of the DNA samples from D. salina with SDS-potassium acetate
method and Insta Gene (Bio-Rad) will be used as a comparison in RAPD assay.
3.3.4 Characterisation of DNA from Dunaliella Species by Restriction Endonuclease
Digestion and Gel Electrophoresis
DNA from D. tertiolecta (Fourth SDS-potassium acetate purification) and D. salina (SDSpotassium acetate purification) were digested by several different restriction endonucleases, and
the results assessed by agarose gel electrophoresis (Figure 3.1 and 3.2).

Figure 3.1: Digestion of DNA Samples with Hind m
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Lane 1: Molecular weight marker QJHind III)
Lane 2: 3fig (nominal) of D. salina DNA
Lane 3: 3|ig (nominal) of D. salina DNA with Hind in
Lane 4: 2.52 }j.g (nominal) of D. tertiolecta DNA
Lane 5: 2.52 fig (nominal) of D. tertiolecta DNA with Hind III
Lane 6: 1.26 |ig (nominal) of D. tertiolecta DNA
Lane 7: 1.26 ^ig (nominal) of Z). tertiolecta DNA with Hind III

DNA purified from D. tertiolecta (Figure 3.1, lane 4 & 6) contained three DNA bands of
different molecular weight (Appendix III). The major band was of about 20 Kb. The second
band was much larger than 50 Kb and migrated a shorter distance. The third band of very high
molecular weight DNA remained at the top of the gel. Only one band resulted from the sample
of D. salina DNA (Figure 3.2, Lane 2), but, following digestion with Hind HI some high
molecular weight DNA can be seen on the loading well (Lane 3). A smear of low molecular
weight DNA can be seen from the D. tertiolecta digested witii Hind m (Figure 3.1, lane 5 and
7) and the proportion of the uncut DNA decreased. However this was not evident in the D.
salina sample digested with Hind EI (Figure 3.1, lane 3).

Figure 3.2: Digestion of DNA samples with Hind m, Eco RI, Msp I and Hpa 11
1 2 3 4 5 6 7 8

Lane 1: Molecular weight marker QJHind. IE)
Lane 2: 3 |ig (nominal) of D. salina DNA
Lane 3: 3 |ig (nominal) of D. salina DNA with Hind in
Lane 4: L26 |j.g (nominal) of D. tertiolecta DNA
Lane 5: 1.26 }ig (nominal) of D. tertiolecta DNA with Hind III
Lane 6: 1.26 |ig (nominal) of D. tertiolecta DNA with Eco RI
Lane 7: 1.26 jig (nonünal) of D. tertiolecta DNA with Msp I
Lane 8: 1.26|ig (nominal) of D. tertiolecta DNA with Hpa n

When D. tertiolecta DNA samples were digested with several different restriction enzymes,
smears of low molecular weight DNA (Figure 3.2, Lane 6, 7 and 8) were observed. D. salina
DNA was hydrolysed by Hind m (Figure 3.2, lane 2) and yielded a pattern similar as that of D.
tertiolecta DNA. The length of the smear from the sample with Msp I (Lane 7) was longer than
that with Hpa II and Eco RI. No DNA was apparent in Lane 5 for an unknown reason so no
conclusion can be drawn regarding Hind HI.

Most of the DNA obtained from D. tertiolecta and D. salina was about 20 kb of length. This
indicated shearing occurred during the preparation, which could be responsible for the loss of
DNA during the sodium acetate-isopropanol precipitation of SDS-potassium acetate purification
(3.3.2.3). Low molecular weight DNA is not as readüy precipitated as high molecular weight
DNA. The other two higher molecular weight bands could represent DNA associated with
membranes or proteins.
Since a lower molecular weight smear can be seen in samples incubated with restriction
enzymes, it is obvious that both the D. tertiolecta and D. salina DNA can be hydrolysed by a
variety of restriction enzymes. This indicates the DNA samples were not contaminated with
significant amounts of common restriction enzyme inhibitors.
The DNA sample of D. salina yielded only one band, but after enzyme digestion, traces of
additional high molecular weight DNA migrated into the gel. Two possibüities may account for
this result. Firstiy, the amount of DNA loaded was too low. If tiiis were the case, it would
suggest that the spectrophotometric estimation of DNA concentration was incorrect and that the
actual amount of D, salina. loaded was less than the amount determined by the
spectrophotometer. Secondly, after enzyme digestion, the size of some higher molecular weight
DNA was reduced enabling it to enter the gel. The bulk of the unhydrolysed DNA (probably
complexed with proteins) was unable to penetrate the gel and was lost in the staining tray.
The efficiency of hydrolysis by different restriction endonucleases differed, perhaps due to
variations in the number of enzyme digestion sites in the DNA, loss of enzyme activity (caused
by freezing and thawing) or the presence of some enzyme inhibitors that affect the enzyme
activities differentiy.

3.4 Chapter Conclusion
A procedure was developed based on extraction with SDS-potassium acetate, that yielded high
purity DNA from D. tertiolecta and D. viridis but less pure DNA from D. salina. The DNA
samples were sheared into fragments of 20 kb length, which were susceptible to hydrolysis by
several restriction enzymes.

Chapter 4: Random Amplified Polymorphic DNA Assay
with Dunaliella DNA as Template:
Optimisation of Conditions
4.1 Chapter Introduction

Since PGR is a recently discovered and complex reaction, no standard conditions or rules for
selecting conditions have been estabUshed for amplifying template DNA from all sources with
different primers. Hence, it is necessary to optimize the PGR conditions for each appUcation.
Generally, productivity of the PGR amplification, the specificity of primer annealing and the
fidelity for the dNTPs to be incorporated are the parameters which determine whetiier a PGR
reaction will be successful.

Unlike otiier PGR, the general purpose of RAPD is to randomly amplify many segments of
DNA ratiier than one particular DNA segment. The many amplified products must then be
separated and analysed. Thus, in addition to the productivity, specificity and fidelity of the
PGR process, the reproducibility is of particular importance. This means that many pjotential
variables must be controlled and optimised.

These include variations in PGR reagents,

temperature profile, types of DNA polymerase, purity and quality of the DNA samples, and the
sensitivity of DNA band detection on gels.

The basic principle of RAPD (elaborated in section 2.6) is that some DNA segments are
predominantiy and reproducibly amplified. Ideally these segments are amplified from the DNA
template with identical primer annealing sites at the 5' ends of each strand. In practice, RAPD is
more complex. The primers may not have perfect complementarity to the primer annealing sites
and the degree of accuracy of the DNA polymerase is uncertain and still under study (section
2.7).

Therefore, in this project, the 'optimization' of PGR conditions simply means the

identification of a condition which generates reproducible, informative (sufficient number), but

discrete (well separated) DNA bands.

The occurrence of a 'smear' of DNA product,

representing a very large number of bands, would indicate the occurrence of non-specific
amplification.

Strategically, for this part of the work, a relatively low stringency condition was arbitrarily
selected to obtain initial PGR of Dunaliella DNA prepared previously (Chapter 3). Following
this, the PGR conditions would be optimized by varying the Mg2+, dNTP, primer and template
concentrations as well as the annealing temperature.

In addition to optimising the PGR

conditions, the effects of these individual parameters may provide information about the
mechanism and processes occurring.

4.2 Materials and Methods

4.2.1 Template DNA

DNA was extracted from Dunaliella by SDS-potassium acetate and other procedures as
described in Ghapter 3.

4.2.2 Primers

Primers RLl, 2, 3 and 4 were synthesized and purified by HPLG at the Biomolecular Resource
Facility Gentre for Molecular Structure & Function, The Australian National University,
Canberra. The sequence of these primers is given in Table 4.1.

Table 4.1: Primer Sequence
Primer

Sequence

Primer length

RLl

5'-GCTGGACC-3'

8-mer

RL2

5'-AGTACTCA-3'

8-mer

RL3

5'-GTAACGCC-3'

8-mer

RL4

5'-CCGAGCTG-3'

8-mer

4.2.3 DNA Polymerase

Two preparations of DNA polymerase were used.

Taq DNA pol5anerase (extracted from

Thermus aquaticus) was obtained from Promega (stored in 50% glycerol, 50 mM Tris-HCl,
100 mM NaCl, O.IM EDTA, ImM DTT, 1.0% Triton X-100, pH 8.0). Tth DNA polymerase
(isolated from Thermus thermophilus) was obtained from Biotech International Ltd, Westem
Australia (stored in 50% glycerol, 30 mM KCl, 1 mM 2-mercaptoethanol, Img/ml nuclease-free
bovine serum albumin, 20 mM Tris-HCl, pH 7.6).

The lOx reaction buffer for Taq DNA

polymerase was 500 mM KCl, 100 mM Tris-HCl, pH 9.0 and 1.0% Triton X-100. The lOx
reaction buffer for Tth DNA polymerase was 670 mM Tris-HCl, pH 8.8, 166 mM
(NH4)2S04, 4.5% Triton X-100 and 2 mg/ml gelatin.

4.2.4 PCR Reagents

The stock and final concentrations of the reagents used in the PCR reaction in 'standard'
concentration (Table 4.2) were based on those used by Caetano-AnoUes et al (1992) and Myers
(1992).

Table 4.2: PGR Reagents
Reagents

Company

Taq polymerase

Promega

Stock conc.
5.5 U/^il

Working conc.
0.91 U/[i\

Reaction buffer
(Taq)

Promega

lOx

0.91X

MgCl2

Promega

25 mM

4.6 mM

Tth polymerase

Biotech

5.5 U/[ii

lU/|il

Reaction buffer
(Tth)

Biotech

lOx

0.91X

MgCl2

Biotech

25 mM

4.6 mM

each dNTP

Promega

100 mM (each)

460 ^iM (each)

Primer

A.N.U

0.4 mM

1.4 mM

336 ng/ml

0.9 ng/|il

200 & 33.6 ng/ml

0.9 ng/^il

D,

tertiolecta
DNA

D, salina DNA

4.2.5 Thermal Cycler

The thermal cycler used was a Corbett FTS-IS capillary fast thermal sequencer. This device
uses small diameter capillary tips with intemal pistons. The loading of reagents and samples
were done with CP-1 Cycle Prep (Corbett). After loading, the tips were sealed using a HS-2
Heat Sealer (Corbett).

4.2.6 Temperature Profile
For most RAPD, the temperature profile was set using program 1 (Table 4.3). In this
temperature program, the extension temperature was increased gradually from 65°C to 79°C
because the optimum extension temperature was unknown and the rapid temperature changes
effected by the Corbett thermal cycler made it likely that the optimum would be missed.
However, the actual temperature profile obtained (Figure 4.1) in the capillary differed from the
set temperature, especially at the annealing temperature when the instrument was operated in a
laboratory at ambient temperature. The actual annealing temperature of the block was
determined by observing the indicated temperattire shown on the FTS-IS thermal cycler. This
was 34°C when the set temperature was 32°C. To investigate the effect of annealing
temperature, set temperatures of 34°C and 30°C were used which gave actual temperatures of
36°C and 32°C, respectively. To investigate the effect of extension temperature, program 2 and
3 (Table 4.4) were used. In this case the FTS-IS was located in a 2 °C cold room. Under these
conditions, no difference was found between the set and actual block temperature, and the
change from one temperature to the next was rapid without the ramped extension temperature.
Table 4.3: Temperature Profile (Program 1) for RAPD
Step
Initial
Denaturation
Denaturation
Annealing
Extension

Temperature ("C)
95
96
32
65
68
70
71
72
73
74
76
79

Time (sec)
300
10
120
10
10
10
10
10
10
10
10
10

cycles
1
40

Table 4.4: Temperature Profile (Program 2 and 3) for RAPD

Step

Temperature (°C)

Time (sec)

cycles

95

300

1

Denaturation

96

40

Annealing

32

10
2

Extension

72 (program 2) or

120

Initial
Denaturation

75 (program 3)

Figure 4.1: Actual Temperature Profile of Thermal Cycler Block during
Program 1
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4.2.7 Gel Electrophoresis
A 5% polyacrylamide (acrylamideibis-acrylamide :: 29:1) separation gel containing 1.6 M urea
with a short (about 0.5 cm) 3% polyacrylamide stacking gel was used for the electrophoresis of
PGR products. The buffer used for electrophoresis was Ix TBE prepared from 5x TBE stock
which contained 445 mM Tris-base, 445 mM boric acid and 10 mM EDTA, pH 8.0. For the
separation gel, the acrylamide solution was made to a final volume of 40 ml with 8 ml of 5x
TBE, 9 ml of 7 M urea, 5 ml 40% acrylamideibis-acrylamide and 18 ml of water (pretreated by
reverse osmosis, then finally purified by Millipore). After degassing for 15 minutes, 20 |il of
N, N, N', N'-tetramethylethylenediamine (TEMED) and 0.36 ml of 10% (w/v) ammonium
persulfate were added. For the stacking gel, the aciylamide solution was made up to a final
volume of 10 ml with 2 ml of 5X TBE, 0.75 ml 40% acrylamide:bis-acrylamide, and 7.25 ml of
water. After degassing for 15 minutes, 5 [il of TEMED and 0.09 ml of 10% (w/v) ammonium
persulfate were added. The gel was polymerised and electrophoresed in a Hofer Cooled Dual
Slab Unit Electrophoresis was at 40-50 Volts for 18-24 hours duration. The tracking dye for
this part of work was 0.25% bromophenol blue containing 30% (w/v) glycerol in water.

4.2.8 Silver Staining
The procedure for silver staining was based on the method published by Bassam et al (1991),
but a number of modifications were introduced which improved the result. The gels were
soaked in the following solutions in a shallow tray without agitation.
i.
ii.
iii.
iv.
V.
vi.

Fixation: 10% acetic acid for 20 minutes at room temperature.
Washing: Distilled water three times (2 minutes each) at room temperature.
Staining: impregnate with silver solution (0.1% AgN03,0.056% CH2O) for 80
minutes at room temperature.
Washing: Three times (2 minutes each) with distilled water at room temperature.
Development: Soak gel in alkaline solution (3% Na2C03,0.056% CH2O), and
0.0002% Na2S203.5H20) for 5-30 minutes,
Stop reaction: Add 10% acetic acid to developing solution and leave for 10 minutes.

4.2.9 Experimental Procedure for RAPD
i.
ii.
iii.
iv.

V.
vi.

PGR standard reagent: 1.67x PGR buffer; 8.43 mM MgCl2; 843 ^M each dNTP and
2.6 |iM primer.
DNA sample: 2 ng/^1.
PGR reagent (6 [d) and DNA sample (5 \il) were pipetted into capillaries, sealed, mixed
well and placed in the thermal cycler.
After PGR, each reaction mixture was accessed by withdrawing the plungers.
The entire reaction mixture was mixed with 2 ^il of tracking dye and loaded into a slot in
the polyacrylamide gel.
Gel electrophoresis: see section 4.2.7.
Stained gels were viewed on a light box and photographed with Kodak 100 ASA film.

4.3 Results
A large number of preliminary experiments were performed to optimise electrophoresis and gel
staining conditions (data not shown). From the many experiments performed, twelve
polyacrylamide gels of good resolution were selected which provide information on the
optimum conditions for RAPD. These gels provide information on the effect of varying specific
components on the electrophoresis patterns and the reproducibility of these pattems.
4.3.1 Comparison of Primers with Taq and Tth DNA polymerase
Using D. tertiolecta DNA as template, RAPD was performed with standard concentration of
PGR reagents and the temperature profile of program 1. Each of the four primers (RLl, 2, 3
and 4) was tested in triplicate or quadruplicate by separate RAPD. Two different polymerase
preparations were tested: Taq polymerase (Promega, Figure 4.2) and Tth polymerase (Biotech
International Ltd.).

Figure 4.2 (Gel 1): Comparison of the effect of different primers with Taq DNA polymerase

M:
Molecular weight maricer (X/HmdlU)
1-4:
Primer: RLl
5-7:
Primer: RL2
8-11:
Primer: RL3
12-15: Primer: RL4
*Standard concentration of PCR reagents. D. tertiolecta DNA. Taq DNA polymerase. Temperature profile:
program 1. Gel electrophoresis: 40 V for 18 hours

The DNA band patterns of Gel 1 (Figure 4.2) were distinctively different for each primer.
Replicates using the same primer were consistent. There were large variations in the intensity of
the silver-stained bands. This showed that the production of individual DNA fragments varied
widely. No amplification products were detectable using primer RL2.

However, many

subsequent attempts to reproduce Gel 1 (Figure 4.2) were unsuccessful. Only a few very weak
bands (not reproducible) were rcvealed from later attempts using Taq polymerase (Promega).
Because of the low reproducibility, consequently, the majority of the RAPDs were performed
with a different DNA polymerase preparation (Tth) from Biotech International Ltd. The results
are given in Figure 4.3.

Figure 4.3 (Gel 8): Comparison of the effect of primer sequence with Tth DNA polymerase

1998
1854
381
1303

M:
Molecular weight maiker (X/Hindlll)
1-4: RLl
5-8: RL2
9-12: RL3
13-16: RL4
*Standard concentration of PCR reagents. D. tertiolecta DNA. Tth DNA polymerase Temperature profile:
program 1. Electrophoresed at 45 V for 18 hours.

The DNA band patterns of Gel 8 (Figure 4.3) were also distinctively different for each primer.
The production of the strong bands between replicates were consistent However, the DNA
band patterns using Tth DNA polymerase (Figure 4.3) were different from those using Taq
DNA polymerase (Figure 4.2). The use of primer RL3 yielded about 20 bands (some weak
bands were not consistent) between the molecular weight of 564 and 2322 bp. The use of
primer RLl yielded a few bands. The use of primer RL2 again yielded no bands but the use of
primer RL4 yielded a smear. The most satisfactory pattern was obtained with primer RL3.

4.3.2 Comparison of DNA Preparations

An experiment was performed (Gel 2) to test whether the three different DNA templates were
satisfactory for RAPD assay. Two preparations of D. salina and one of D. tertiolecta were used
as template. The primer used was RL3. The results are given in Figure 4.4.

Figure 4.4 (Gel 2): Comparison of DNA Preparations

M:
Molecular weight marker
1-3
D. salina (SDS-potassium acetate)
4-6:
D. salina (Insta Gene)
7-9D. tertiolecta (SDS-potassium acetate)
•Standard concentration of PGR reagents. Tth DNA polymerase. Primer RL3. Temperature profile: program 1.
Electrophoresis: 40 V for 18 hours. Arrow indicated the specific band for D. salina.

Large variations in band intensity showed that some DNA segments were preferably amplified.
The molecular weight of the major DNA products were between 564 and 2322 bp. Substantial
variation between replicates occurred.

However, one specific band (MW= 2148 bp) was

detected which was present in all RAPD patterns from D. salina and absent in all from D.
tertiolecta. The basis for determination of molecular weight is given in Appendix IV.

4.3.3 Effects of Variation of Standard Reaction Mixture Concentrations

The most serious problem of Gel 2 was variation between replicates. The specificity of the
amplification might be compromised if one or more of the reaction mixture conditions was nonoptimal (e.g. the concentrations of Mg2+, dNTP, primer and template). Therefore, the
concentrations of dNTP, primer, MgCl2, and template were individually varied from the
standard conditions. The template used in this experiment was D. tertiolecta DNA and the
primer was RL3. The temperature profile used was program 1. Four gels (Gel 3, 4, 5 and 7)
were performed for this experiment Gel 3 and gel 4 were replicates and the results of them are
given in Figure 4.5. The results of Gel 5 and Gel 7 are given in Figure 4.6 and 4.7,
respectively.

Figure 4.5a (Gel 3): Reaction mixture conditions

M:
Molecular weight maiker (X/Hindin)
I, 2:
Standard concentrations (460 \ M dNTP, 1.4 pM Primer, 4.6 mM MgCl2, 0.9 ng/|il Template.
3, 4:
920 pM dNTP
5, 6:
230 ^iM dNTP
7, 8:
2.8 pM primer
9, 10: 0.7 \iM primer
I I , 1 2 : 6.9mMMgCl2
13, 14: 2.3 mM MgCl2
15, 16: 1.8 ng/^il Template
17, 18: 0.45 ng/pl Template
*Tth DNA polymerase. D. tertiolecta DNA. Primer RL3. Temperature profile: program 1. Electrophoresis: 40V
for 18 hours.

Figure 4.5b (Gel 4): Reaction Mixture Conditions

M:
I, 2:

Molecular weight marker (X/HindlII)
Standard concentrations (460 |iM each dNTP, 1.4 |iM Primer, 4.6 mM MgCl2 ,
0.9 ng/^il Template).
3, 4:
920 \JM dNTP
5, 6:
230 pM dNTP
7, 8:
2.8 nM primer
9, 10: 0.7 nM primer
II,12: 6.9mMMgCl2
13, 14: 2.3 mM MgCl2
15,16: 1.8 ng/|il Template
17, 18: 0.45 ng/^il Template
•Electrophoresis: 40 V for 18 hours. Temperaüire profile: program 1. Tth DNA polymerase. D. tertiolecta DNA.
Primer RL3

The results of Gel 3 (Figure 4.5a) showed that the duplicates within each experiment gave very
similar patterns, with the exception of changing the concentration of primer (lanes 7 to 10).
None of these changed concentrations revealed an hnprovement on the standard concentrations
of PGR reagents. Decreasing either the concentrations of dNTP and MgCl2 yielded a smear
around the high molecular weight region.

Increasing either the concentration of dNTP or

MgGl2 and decreasing the concentration of template yielded fewer bands than using the standard
conditions. However, changing tiie concentration of primer and increasing the concentration of
template did not greatly change the band pattern.

The effect of dNTP, MgCl2 in Gel 4 (Figure 4.5b, lanes 3-6 and 11-14) was similar as
observed in Gel 3. The changing of primer concentrations from 0.7 |iM to 2.8 jiM (Figure
4.5b, lanes 7-10) revealed a more consistent result than in Gel 3 (Figure 4.5a, lanes 7-10) and
showed no difference from that from standard concentration PGR reagent. The results of the
effect of template concentration (Figure 4.5b, lanes 15-18) were different from that of Gel 3
(Figure 4.5a, lanes 15-18) in two aspects:
(1) Both increasing and decreasing of template concentration revealed many more bands than
that from standard conditions.
(2) There was no significant difference between increasing and decreasing the concentration of
template.

Figure 4.6 (Gel 5): Reaction Mixture Conditions

M:
I, 2:

Molecular weight maiicer (A/Hindlll)
Standard concentrations (460 PM each dNTP, 1.4 |jM primer, 4.6 mM MgCl2,
0.9 ng/|il template).
3, 4: 920 pM dNTP
5, 6: 230 ^M dNTP
7, 8: 2.8 |iM primer
9,10: 0.7 ^M primer
II,12: 6.9mMMgCl2
13, 14: 2.3 mM MgCl2
* Tth DNA polymerase. D. tertiolecta DNA. Primer RL3. Temperature profile: program 1. Electrophoresis: 40 V
for 18 hours.

In the case of Gel 5 (Figure 4.6), the pattern from the standard condition was not as clear as
before, because elevated background staining occurred around the high-molecular weight
region. This indicated that some DNA was non-specifically amplified. Increasing primer
concentration and decreasing both primer and MgCl2 concentration gave patterns similar to the
standard conditions. Fewer bands were amplified from both increased and decreased dNTP
concentrations and increased MgCl2 concentration.

Figure 4.7 (Gel 7): Reaction Mixture Conditions

M:
1, 2:

Molecular weight marker (X/HindlII)
Standard concentrations (460 pM each dNTP, 1.4 ^iM Primer, 4.6 mM MgCl2,
0.9 ng/^jJ template).
3,4: 6.9 mM MgCl2
5,6: 920 pM dNTP
7,8: 6.9 mM MgCl2 and 920 mM dNTP
9.10: 2.3mMMgCl2 and 230 mM dNTP
*Tth DNA polymerase. D. tertiolecta DNA. Primer RL3. Temperature profile: program 1. Electrophoresis: 40 V
for 18 hours.

The effects of increases and decreases in botii MgCh and dNTP concentrations were
investigated in gel 7 (Figure 4.7). Here, only the standard concentration and the increasing
MgCl2 concentration (Figure 4.7, lanes 1-4) generated a pattern of bands. The patterns were
the same, for both standard conditions (4.6 mM MgCl2) and with MgCl2 concentration elevated
to 6.9 mM.

4.3.4 Effects of Varying Temperature Profiles

In addition to the concentrations of PGR reagents and template, the temperature profile is
important in determining the DNA band pattern. The effect of annealing temperature was
examined by changing the annealing temperature in temperature profile: program 1 (Figure 4.8,
Gel 6). On the other hand, the effect of changing extension temperature was determined by
comparing the temperature profiles of programs 2 and 3 (Figure 4.9, Gel 11).
Figure 4.8 (Gel 6): The Effect of Annealing Temperature

M:
Molecular weight maiker
1-3:
Annealing temperature, 34°C
4-6:
Annealing temperature, 32°C
7-9Annealing temperature, 36°C
t^t ^ r,.
•Standard concencraüons of PCR reagents. Tth DNA polymerase. D. tertiolecta DNA. Pnmer: RL3. Temperature
profile: program 1 Electrophoresis: 40 V for 18 hours.

It was found that the bands from standard conditions (Figure 4.8, lanes 1-3) were fewer than
previous experiments (Gels 2, 3 and 4). Increasing the annealing temperature from 34°C to
36°C (Figure 4.8, lanes 7-9) had little effect. Decreasing the annealing temperature to 32°C
(Figure 4.8, lanes 4-6) increased band intensity indicating a higher productivity.

Figure 4.9 (Gel 11): Extension Temperature Effect

I, 2:
Primer RLl, extension temperature, 72°C
3, 4:
Primer RLl, extension temperature, 75 C
5, 6:
Primer RL3, extension temperature, 72 C
7, 8:
Primer RL3, extension temperature, 75°C
9, 10: Primer RL4, extension temperature, 72 C
II, 12: Primer RL4, extension temperature, 75°C
•Standard concentrations of PGR reagents. Tth DNA polymerase. D. tertiolecta DNA. Temperature profiles:
Program 2 and 3. Electrophoresis: 45 V for 19 hours.

The results were very similar between using 72°C and 75°C as extension temperature. With
primers RLl (Figure 4.9, lanes 1-4) and RL3 (Figure 4.9, lanes 5-8) only a few major bands
were produced. However, no product was detectable using RL4 (Figure 4.9, lanes 9-12).

4.3.5 Comparison between D. tertiolecta and D. salina
During the process of optimisation of RAPD conditions, in addition to Gel 2 (Figure 4.3), three
sets of experiments were performed to compare the DNA band pattern from D. tertiolecta and D.
salina. The results are given in Figure 4.10 (Gel 9), Figure 4.11 (Gel 10) and Figure 4.12 (Gel
12)

Figure 4.10 (Gel 9): Comparison between D. tertiolecta and D. salina

M:
Molecular weight marker (X/Hindlll)
I,2: D. tertiolecta with primer RLl
3,4: D. salina with primer RLl
5,6: D. tertiolecta with primer RL2
7,8: D. salina with primer RL2
9, 10: D. tertiolecta with primer RL3
II,12: D.
with primer RL3
13,14: D. tertiolecta with primer RL4
15, 16: D. salina with primer RL4.
*Both of the templates were extracted using SDS-potassium method. Standard PCR concentration. TemperaUire
profile: program 1. Electrophoresis: 45 v for 19 hours.

As can be seen from Gel 9 (Figure 4.10, lanes 1 and 2), primer RLl yielded a few strong bands
and many weak bands with D. tertiolecta DNA. However, only a few bands were amplified
with D. salina (Figure 4.10, lanes 3 and 4). Primer RL2 (Figure 4.10, lanes 5-8) did not yield
any bands. Primer RL3 and primer RL4 (Figure 4.10, lanes 9-16) yielded DNA band pattems
similar to Gel 8 (Figure 4.3, lanes 9-16) with both D. tertiolecta and D. salina. There was litde
difference between the band pattems from these two species, especially when RL3 was used
(Figure 4.3, lanes 9-12).

Figure 4.11 (Gel 10): Comparison between D. tertiolecta and D. salina

M:
Molecular weight marker
1-4: D. tertiolecta (SDS-potassium acetate) with primer RL3
5-6: D. salina (SDS-potassium acetate) with primer RL3
7-8: D. salina ( Insta Gene) with primer RL3
9-12: D. tertiolecta (SDS potassium acetate) with primer RL4
13-16: D. salina ( SDS-potassium acetate) with primer RL4.
* Standard concentration of PGR reagent Temperature profile: Program 1. Electrophoresis: 40 V for 24 hours.

In this experiment, primer RL3 (Figure 4.11, lanes 1-8) yielded only the major bands of Gel 9
(Figure 4.10, lanes 9-12) with all the DNA preparations. On the other hand, primer RL4
produced no bands from D. salina and a few weak bands from D. tertiolecta (Figure 4.11,
lanes 9-16). Previously, this primer yielded a smear Figure 4.3 (lanes 13-16) and 4.10 (lanes
13-16). The band patterns in lanes 1 to 8 were similar, although template DNA from both D.
tertiolecta and D. salina (from two different extraction methods) are represented.

Figure 4.12 (Gel 12): Comparison between D. tertiolecta and D. salina

M:
Molecular weight marker
1-3: D. tertiolecta (SDS-potassium acetate)
4-6: Z). salina (SDS-potassium acetate)
7-9: D. salina (Insta Gene)
* Standard concentration of PCR reagent Primer RL3. Temperature profile program 2. Electrophoresis: 45 V for
19 hours.

In the experiment of Gel 12 (Figure 4.12), the DNA band pattern from these three different
template preparations was exactly the same, with the exception of those shown m lane 1 and 6
which failed to generate bands. This pattern was the same as that of Gel 11 (Figure 4.9) using
the same temperature profile.

4.4 Discussion
4.4.1 Selective DNA Amplification
The major DNA fragments amplified were between 564 and 2322 bp and the productivity of
these bands varied widely. This was very similar to previously published results (Waugh and
Powell, 1992). The initially selected standard concentrations of PGR reagents was the most
satisfactory to selectively amplify some DNA fragments. No modifications to these
concentrations were found to give better results.
Some of the modified concentrations yield smears (lanes 5, 6, 8,9,10, 13 and 14, Figure 4.5a)
on the gel. This could simply indicate that the amount of DNA amplified was much higher so
that the gel was overloaded. Repeated gel electrophoresis of smaller volumes of some of the
DNA samples was performed showing that what used to be a smear became a weaker smear
(data not shown). This indicated that under different concentrations not only the productivity
but also the complexity of the DNA amplified can be different
The varied productivity and complexity of DNA fragments could be the result of one or more of
the following effects:
(1) The copy number of the DNA fragments to be amplified was different. Therefore those with
higher copy number were more efficient in competing for the annealing primer.
(2) The weak bands resulted from incomplete matches between primer and template.
(3) The product inhibition effect of PGR (Innis and Gelfand, 1992) could be different between
tiie DNA fragments amplified. For example, the DNA segments witii higher GG content could
be more efficient in competing for the primer annealing sites with the primer.
(4) The formation of secondary structure, such as hairpin loop structure (Gaetano-AnoUes et al,
1992) could disturb the efficiency of DNA polymerase. The present results do not provide a
basis to discriminate between these possibilities.

4.4.2 DNA Band Patterns

The molecular weight of the major and most reproducible bands amplified using primer RL3
and Tth were 1998 (bandl), 1854 (band2), 1381 (band3), 1303 (band4), 797 (band5), 747
(band 6) and 693 bp (band 7). Determination of the molecular weights of these bands are given
in Appendix V. These bands made up a distinctive DNA band pattern for both D. tertiolecta and
D. salina (see Figure 4.4, Gel 2 and Figure 4.10, Gel 9). The production of these bands was
not affected by small changes in the concentration of the reagents and DNA templates.
However, the patterns for D. tertiolecta were identical to Z>. salina. This indicates that the DNA
sequence of these two species are very similar at the annealing sites for primer RL3.

In addition to the major bands that make up the distinctive band patterns, some additional bands
were also amplified. These additional bands were sometimes reproducible (Figure 4.5, Gel 3
and 4, Figure 4.2, Gel 8 and Figure 4.10, Gel 9), especially when a new preparation of DNA
polymerase was used. The occurrence of these bands was dependent on the concentration of
MgCl2, dNTP, the temperature profile and possible changes in DNA polymerase activity during
storage. Although these bands were less reproducible, they could be useful for identification of
Dunaliella species, since one of them (see Figure 4.4, lanes 1-6) was peculiar to D. salina,

4.4.3 Factors Affecting Random amplified polymorphic DNA assay

Although RAPD is an complex reaction and there could be combination effects of all the factors
involved, some effects by individual factors can be discerned from this approach.

4.4.3.1 Primer Effect
The sequence of the primers appears to be the most significant factor that determines the DNA
band patterns. The use of primer RLl, 3, and 4 yielded distinctively different DNA band
patterns (Figures 4.2 and 4.3). Although two different DNA polymerase preparations were
used, primer RL2 never generated any bands. This could be due to the low GC content
(27.5%, calculated from Table 4.1) of this primer. The Tm (the temperature where half the
primers anneal to a given template) for primers with low GC content is low (Innis and Gelfand,
1990). This could possibly explain why with Tth polymerase RL4 can yield much more bands
than using primer RL3, for the GC contents of RL4 (80%, calculated from Table 4.1) is higher
than that of RLl (62.5%, calculated from Table 4.1).
4.4.3.2 The DNA Polymerase Preparation
Another very important factor affecting the AFLP pattern is the DNA polymerase preparation.
As can be seen from Figures 4.2 (Gel 1) and 4.3 (Gel 8), the DNA band pattem was completely
different with the same primer but different DNA polymerase preparations. More dramatically,
using the primer RL4, the number of bands amplified using Tth DNA polymerase was greater
than when using Taq DNA polymerase. These results indicated that the DNA bands amplified
depended not only on the primer and template DNA sequences but also the species of DNA
polymerase used. Probably, some of the DNA bands were amphfied with incomplete primertemplate matches and different DNA polymerase preparations tolerated these incomplete matches
differently.
Another finding was that, using Tth DNA polymerase, the productivity of the bands was
decreased each time it was used (Figure 4.5 to 4.7 and Figure 4.3 to 4.12), indicating
progressive loss of enzyme activity during the storage. Therefore, maintaining consistent
enzyme activity of DNA polymerase within different preparations could be the most important
factor responsible for the reproducibility of RAPD. The DNA polymerase was frozen and

stored in a -20°C freezer. Rapid freezing in liquid nitrogen and storage at -80°C may aQeviate
this problem.
4.4.3.3 dNTP and MgCl2 Effect
It is very interesting that decreasing the concentration of MgCl2 and dNTP yielded more bands
(sometimes even a smear). This result contradicts the general belief that decreasing the
concentration of MgCl2 and dNTP can increase the specificity of PGR amplification (Table 2.4).
Therefore, it is possible that the Mg2+ and dNTP form a complex in the reaction mixture and the
band pattern is influenced by the concentration of free Mg2+ and dNTP more than by the total
concentrations. One attempt (Figure 4.7, Gel 7) to investigate the combined effect of these two
factors may have been adversely affected by the low activity of the DNA polymerase
preparations used, because increasing the concentration of dNTP to 920 ^iM (Figure 4.7, lanes
5 and 6) did not yield the same band pattern with the same concentration of PGR reagents by
using new Tth DNA polymerase (Figure 4.5a and 4. 5b, lanes 3 and 4)
4.4.3.4 The Temperature Profile
!

Increasing the annealing temperature decreased the number of DNA fragments amplified (Figure
4.8, Gel 6) and decreasing the annealing temperature increased the number of DNA fragments
amplified (Figure 4.8, Gel 6). This is probably the result of primers being annealed to the
template more efficiently at a lower temperature.
The extension temperature could also have an effect on the number of DNA fragments amplified
because a more complex band pattern was observed using the ramped temperature profile of
program 1 (comparison between Figure 4.4, Gel 2, Figure 4.9, Gel 11 and Figure 4.11, Gel
10). This could indicate that some DNA fragments amplified were preferably extended at
annealing temperatures different from 72 and 75^. However, because the DNA polymerase

activity revealed in samples run in Gel 10 (Figure 4.11) and Gel 11 (Figure 4.9) could be low,
the observed extension temperature effect is not conclusive.
Actually, at the annealing temperature tested, Tth polymerase could still have some enzyme
activity, and at the tested extension temperature a portion of primers could still anneal to the
template. Thus, the possible effects of the temperature profile are complex. Different
temperature profiles could also affect the formation of the secondary strucmre of template
(Caetano-Anolle et al.y 1992b), and the activity and accuracy of DNA polymerase. Therefore
the temperature could have an overall effect on the processing of PGR.
With the three temperature profiles tested. Program 1 (ramped annealing temperature) appeared
to produce more DNA bands (Figure 4.4, Gel 2). However the specificity of DNA
amplification of Program 2 and 3 (fixed annealing temperature) was better because only the
major bands were amplified (Figure 4.9, Gel 11). Therefore, considering the importance of
reproducibility in RAPD, a fixed annealing temperature may be more reliable.

4.5 Chapter conclusion
During this attempt to optimize PGR conditions for RAPD, the seven major bands obtained with
primer RL3 and Tth DNA polymerase were very reproducible. Some additional weaker bands
were also reproducible when the enzyme activity of DNA polymerase was high. The factors
found to affect on the AFLP pattern were primer sequence, DNA polymerase preparation, the
activity of DNA polymerase, temperature profile, and the concentrations of dNTP and MgCl2.
(1) Primer and template sequence determined the general DNA band pattern.
(2) Temperature profile and the concentration of MgCl2 affected the occurrence of the weaker
bands.
(3) Different DNA polymerase types amplified different DNA fragments.
(4) The reproducibility of AFLP patterns was determined mostly by the enzyme activity of DNA
polymerase.
Except for one experiment (Figure 4.4, Gel 2), there was no significant difference between the
AFLP pattern between that from D. tertiolecta and D. salincu

Chapter 5: Identification of Dunaliella Species
5.1 Chapter Introduction
The experiments described in Chapter 4 demonstrated that under the selected RAPD conditions,
amplification of some segments of DNA templates from D. tertiolecta and D. salim was
achieved in a reproducible manner. However, to apply RAPD to the identification of DumUeUa
species, two major problems encountered in Chapter 4 must be solved: (1) Variations in the
activity of DNA polymerase which affected the band pattem; and (2) The number of DNA
segments amplified using primers such as RL3 (8-mer) were insufficient to distinguish between
D. tertiolecta and D. salina.
Further experiments were therefore conducted to test several additional primers (mosdy 10mers), with the aim of amplifying a large number of DNA segments. Procedures for the
preparation of PCR reagents were revised to ensure the activity of DNA polymerase was
consistent for each of the amplifications.
The species to be compared in this part of the work were D. tertiolectUy D. salina and D. viridis.
D. saUm was the first species of Dimaliella to be described (Teodoresco, 1905 cited from
Preisig, 1992). D. tertiolecta was described by Butcher (1959). The species D. viridis was
first described by Teodoresco (1905, cited from Preisig, 1992). Preisig (1992) has suggested a
classification scheme in which these three species are classified under three different sections (a
taxon between subgenus and species); section Tertiolectae, section Dunaliellac and section
Viridae. Classification of these sections was based on color and salinity for optimal growth of
the cells. A few subspecies, varieties, and formae have been described and classified under
both the species D. salina and D. viridis (Preisig, 1992). The morphological characteristics that
are diagnostic for these three species are given in Table 5.1.

Table 5.1: Morphological Comparison Between D. tertiolecta, D. salina and D. viridis
(Summarized from Preisig, 1992)
Color
Salinity for
optimal
growth

D. tertiolecta
always green

D. salina
capable of turning orange or
red

D. viridis
always green

2-4%

6-12 %

6-10 %

With minute, colourless, Eyespot diffuse and hardly
refractive
granules visible.
Cell contents distributed throughout the
cells, and in older cultures,
large starch grains in the
anterior portion
Cell size
5-18 X 4.5-14 (mn)
5-29 X 2.4-21 (urn)
Cell shape
cells ovoid to elliptical
cells mostly ovoid

Chloroplast not paforated
and not granulated at the
anterior edge.
3-18.0 X 2-15.2 (um)
ellipsoid or pear-shaped

5.2 Materials and Methods
5.2.1 DNA Template
DNA was extracted from D. tertiolecta, D. salina and D. viridis using the SDS-potassium
acetate purification and Insta Gene (Bio-Rad) as described in Chapter 3.
5.2.2 Primer Sequence and Concentration
The primers used for this part of the work were kindly supplied from M. Morell (A series) and
M. Walker (MG13). However, the concentrations used were different from that used in
Chapter 4 (Table 4.1), because much smaller amounts were available. The sequence and
concentration used for RAPD are given in Table 5.2.

Table 5.2: Primer Sequence and Concentration
Primer

Sequence (5* to 3')
TGCCGAGCTG
AGTCAGCCAC
AATCGGGCTG
AGGGGTCTTG
GGTCCCTGAC
GAAACGGGTG
GTGACGTAGG
GGGTAACGCC
GTGATCGCAG
GTAAAACGCAGGCCAG
GTAACGCC

A2
A3
A4
A5
A6
A7
A8
A9
AIO
MG13
RL3

Length (bases)

Concentration
2.8 ng/ul
2.8 ng/m
2.8 ng/ul
2.8 ng/ul
2.8 ng/ul
2.8 ng/ul

10
10
10
10
10
10
10
10
10
16

2.8 ng/ul
2.8 ng/ul
2.8 ng/ul
18.2 ng/ul
1.4 uM

5.2.3 Temperature Profile
The temperature profiles used were suggested by M. MoreU (personal communication). With
shorter primers (< 10 mer), program 4 was used and with the 16-mer primer MG13 program 5
was used. Program 4 and program 5 are given in Table 5.3 and 5.4, respectively. PCR was
performed with the thermal cycler located in the cold room (2°C), and no difference between the
set temperature and capillary temperature was then observed.
Table 5.3: Temperature Profile (Program 4)
Cycle
1
2-5
6-40
41
42

Step
1
2
3
1
2
3
1
2
3
1
2
3
1

Temperature ('C)
92
35
72
92
35
72
92
40
72
92
40
72
25

Time (min:sec)
2:00
2:00
1:30
0:10
2:00
1:30
0:10
0:20
1:30
0:10
0:20
5:00
1:00

Table 5.4: Temperature Profile (Program 5)
Cycle
1
2-5
6-40
41
42

Step
1
2
3
1
2
3
1
2
3
1
2
3
1

Temperature (*C)
92
45
72
92
45
72
92
50
72
92
50
72
25

Time (min:sec)
2:00
2:00
1:30
0:10
2:00
1:30
0:10
0:25
1:30
0:10
0:20
5:00
1:00

5.2.4 Preparation of PGR Reagents
The concentrations of PGR reagents, DNA polymerase and template were generally the same as
the 'standard concentrations' described in Chapter 4, except that different primer concentrations
were used (Table 5.2). Two sets of reagents were prepared at the same time, and each gave
PGR amplification with a range of combinations of different primers and templates, which were
duplicated. After pipetting and before PGR the capillaries were stored at -20°G for up to 2 days.

5.2.5 Gel Electrophoresis and Staining
The preparation of 5% polyacrylamide gels and the silver staining procedure was as described in
Ghapter 4. The tracking dye was 0.25% bromophenol blue, 0.25% xylene cyanol and 30%
glycerol in water, and the samples were electrophoresed until the second dye (xylene cyanol)
reached the bottom of the gel. The molecular weight markers were generated from X DNA
digested with both Hind ni and Eco RI.

5.3

Results

5.3.1 Amplification Fragment Length Polymoq)hism

The results of gel analysis of the two sets of RAPD are given in Figure 5.1-5.5.

Figure 5.1a (Gel 13): Comparison Between

Species

Using Primers A5 and A9

•I: ',-3

jsâ

M:
Molecular weight marker.
1, 2:
D. tertiolecta DNA (SDS-potassium acetate), primer A5.
3, 4:
D. salina DNA (SDS-potassium acetate), primer A5.
s] 6:
D. salina DNA (Insta Gene), primer A5.
7, 8:
D. viridis DNA (SDS-potassium acetate), primer A5.
9] 10: D. tertiolecta DNA (SDS-potassium acetate), primer A9.
l ì , 12: D. salina DNA (SDS-potassium acetate), primer A9.
13! 14: D. salina DNA (Insta Gene), primer A9.
15, 16: D. viridis DNA (SDS-potassium acetate), primer A9.
* t, s and V, specific andreproduciblebands for D. tertiolecta, D. salina
and D. viridis, respectively.

Figure 5.1b (Gel 14): Comparison Between Dunaliella Species
Using Primers A5 and A9

M:
Molecular weight marker.
I,2: D. tertiolecta DNA (SDS-potassium acetate), primer A5.
3, 4: D. salina DNA (SDS-potassium acetate), primer A5.
5,6: D. salina DNA (Insta Gene), primer A5.
7, 8: D. viridis DNA (SDS-potassium acetate), primer A5.
9, 10: D. tertiolecta DNA (SDS-potassium acetate), primer A9.
II, 12: D. salina DNA (SDS-potassium acetate), primer A9.
13, 14: D. salina DNA (Insta Gene), primer A9.
15,16: D. viridis DNA (SDS-potassium acetate), primer A9.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively.

Figure 5.2a (Gel 15): Comparison Between Dunaliella Species Using
Primers A4 and A6

M:
Molecular weight marker.
I,2: D. tertiolecta DNA (SDS-potassium acetate), primer A4.
3,4: D. salina DNA (SDS-potassium acetate), primer A4.
5,6: D. salina DNA (Insta Gene), primer A4.
7, 8: D. viridis DNA (SDS-potassium acetate), primer A4.
9, 10: Z). tertiolecta DNA (SDS-potassium acetate), primer A6.
II, 12: D. salina DNA (SDS-potassium acetate), primer A6.
13, 14: D. salina DNA (Insta Gene), primer A6.
15, 16: D. viridis DNA (SDS-potassium acetate), primer A6.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively.

Figure 5.2b (Gel 16): Comparison Between Dunaliella Species Using
Primers A4 and A6

M:
Molecular weight marker.
1,2: D. tertiolecta DNA (SDS-potassium acetate), primer A4.
3:
D. salina DNA (SDS-potassium acetate), primer A4.
4, 5: D. salina DNA (Insta Gene), primer A4.
6, 7: D. viridis DNA (SDS-potassium acetate), primer A4.
8,9: D. tertiolecta DNA (SDS-potassium acetate), primer A6.
10, 11 : D: salina DNA (SDS-potassium acetate), primer A6.
12, 13: D. salina DNA (Insta Gene), primer A6.
14, 15: D. viridis DNA (SDS-potassium acetate), primer A6.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively.

Figure 5.3a (Gel 17): Comparison Between Dunaliella species Using
Primers RL3 and A8

M:
Molecular weight marker.
I, 2: D. tertiolecta DNA (SDS-potassium acetate), primer RL3.
3,4: D. salina DNA (SDS-potassium acetate), primer RL3.
5,6: D. salina DNA (Insta Gene), ¡Mimer RL3.
7, 8: D. viridis DNA (SDS-potassium acetate), primer RL3.
9, 10: D. tertiolecta DNA (SDS-potassium acetate), primer A8.
II, 12: D. salina DNA (SDS-potassium acetate), primer A8.
13, 14: D. salina DNA (Insta Gene), primer A8.
15, 16: D. viridis DNA (SDS-potassium acetate), primer A8.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively. The band indicated with an arrow was particular to
D. salina DNA extracted using Insta Gene, but was not present for D. salina
DNA extracted with SDS-potassium acetate method.

Figure 5.3b (Gel 18): Comparison Between Dunaliella Species Using
Primers RL3 and A8

M:
Molecular weight marker.
I,2: D. tertiolecta DNA (SDS-potassium acetate), primer RL3.
3, 4: D. salina DNA (SDS-potassium acetate), primer RL3.
5,6: D. salina DNA (Insta Gene), primer RL3.
7, 8: D. viridis DNA (SDS-potassium acetate), primer RL3.
9, 10: D. tertiolecta DNA (SDS-potassium acetate), primer A8.
II, 12: D. salina DNA (SDS-potassium acetate), primer A8.
13, 14: D. salina DNA (Insta Gene), primer A8.
15, 16: D. viridis DNA (SDS-potassium acetate), primer A8.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively. The band indicated with an arrow was particular to
D. salina DNA extracted using Insta Gene, but was not present for D. salina
DNA extracted with SDS-potassium acetate method.

Figure 5.4a (Gel 19): Comparison Between Dunaliella Species Using
Primers A3 and MG13

M:
Molecular weight marker.
I,2: D. tertiolecta DNA (SDS-potassium acetate), primer A3.
3,4: D. salina DNA (SDS-potassium acetate), primer A3.
5,6: D. salina DNA (Insta Gene), primer A3.
7, 8: D. viridis DNA (SDS-potassium acetate), primer A3.
9, 10: D. tertiolecta DNA (SDS-potassium acetate), primer MG13.
II, 12: D. salina DNA (SDS-potassium acetate), primer MG13.
13, 14: D. salina DNA (Insta Gene), primer MG13.
15, 16: D. viridis DNA (SDS-potassium acetate), primer MG13.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively.

Figure 5.4b (Gel 20): Comparison Between Dunaliella Species Using
Primers A3 and MG13

M:
Molecular weight marker.
I,2: D. tertiolecta DNA (SDS-potassium acetate), primer A3.
3, 4: A salina DNA (SDS-potassium acetate), primer A3.
5,6: D. salina DNA (Insta Gene), primer A3.
7, 8: D. viridis DNA (SDS-potassium acetate), primer A3.
9, 10: D. tertiolecta DNA (SDS-potassium acetate), primer MG13.
II, 12: D. salina DNA (SDS-potassium acetate), primer MG13.
13, 14: D. salina DNA Gnsta Gene), primer MG13.
15, 16: D. viridis DNA (SDS-potassium acetate), primer MG13.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively.

Figure 5.5a (Gel 21): Comparison Between Dunaliella Species Using
Primers A2 and A10

M:
Molecular weight marker.
I,2: D. tertiolecta DNA (SDS-potassium acetate), primer A2.
3,4: D. salina DNA (SDS-potassium acetate), primer A2.
5,6: D. salina DNA (Insta Gene), primer A2.
7, 8: D. viridis DNA (SDS-potassium acetate), primer A2.
9, 10: D. tertiolecta DNA (SDS-potassium acetate), primer AIO.
II, 12: D. salina DNA (SDS-potassium acetate), primer AIO.
13, 14: D. salina DNA (Insta Gene), primer AIO.
15, 16: D. viridis DNA (SDS-potassium acetate), primer AIO.
* t, s and V, specific andreproduciblebands for D. tertiolecta, D. salina
and £>. viridis, respectively.

Figure 5.5b (Gel 22): Comparison Between Dimaliella Species Using
Primers A2 and AlO

M:
Molecular weight marker.
I,2: D. tertiolecta DNA (SDS-potassium acetate), primer A2.
3,4: D. salina DNA (SDS-potassium acetate), primer A2.
5,6: D. salina DNA (Insta Gene), primer A2.
7, 8: D. viridis DNA (SDS-potassium acetate), primer A2.
9, 10: D. tertiolecta DNA (SDS-potassium acetate), primer AIO.
II, 12: D. salina DNA (SDS-potassium acetate), primer AIO.
13, 14: D. salina DNA (Insta Gene), primer AIO.
15, 16: D. viridis DNA (SDS-potassium acetate), primer AIO.
* t, s and V, specific and reproducible bands for D. tertiolecta, D. salina
and D. viridis, respectively.

5.4

5.4.1

Discussion

Reproducibility of RAPD patterns

The extent of silver staining for each gels was variable between duplications (Comparison
between Figures 5.1a-5.5a and Figures 5.1b-5.2b). This indicated that the factor or factors
responsible for this variation need to be identified and eliminated.

Some possible factors

affecting the sensitivity of silver staining, such as the temperature and light intensity were
investigated and found not to have significant effects (results not shown).

Generally, with the exceptions of primers A3 and MG13 (Figure 5.4), the results were
consistent between amplifications using the same primers and DNA template. The yield of
DNA segments amplified depended mostly on the primers and templates used (Figures 5.1,5.2,
5.4 and 5.5).

The use of different D. salina DNA preparations (SDS-potassium acetate Vs Insta Gene) yielded
very similar results for most of the primers used. For example, using primer A5 (Figure 5.1a
and b, lanes 3, 4, 5 and 6), the major bands amplified from D. salina DNA with different
extraction methods was the same. But occasionally, some major differences were found with
Primer A8 (Figure 5.3, comparison between lanes 11, 12 and 13, 14). This indicates that the
methods of DNA preparation may affect the RAPD pattern to some extent (depending on the
primers used). This effect could be due to the variable amount of DNA polymerase inhibitors
and/or EDTA (which is a chelator and may disturb the magnesium optimum, see Table 2.4)
contained in the DNA sample.

5.4.2 Effects of Primer Sequence and Temperature Profile
The number of bands amplified was predominantly dependent on which primer was used.
Primers RL3 (Figure 5.3), MG13 (Figure 5.4b) and A2 (Figure 5.5), yielded smears of DNA
from all the Dwudiella species tested. Primers A5, A9 (Figure 5.1), A4 (Figure 5.2), A8
(Figure 5.3), A3 (Figure 5.4) and AlO (Figure 5.5) yielded clear DNA band patterns.
However, primer A6 yielded only two bands from D. tertiolecta but no bands from D. salim
and D. viridis. Therefore, the experimental conditions for primers RL3, MG13, A2 and A6
need further optimisation. The concentrations of PGR reagents and DNA polymerase were
satisfactory for the other primers. The most direct response of the sequence and length of the
primers is to the annealing temperature. The temperature profile is probably the most
worthwhile of factors to be optimized in the future.
The use of a new temperature profile (program 4) yielded more bands for RL3 resulting in a
smear of DNA in gels (Figure 5.3), in comparison with the results from Chapter 4 (Figure 4.4).
Thus more DNA segments were amplified with the new temperature profile, but were less
specific than RAPD at lower productivity (Figure 4.4). A short primer annealing time (20
seconds. Table 5.4: Cycles 6-40) was sufficient for the amplification of DNA segments required
for RAPD study. This high productivity of PGR amplification could be because with the
shorter annealing times each PGR cycle takes less time and so reduces the possibility of loss of
DNA polymerase activity.

5.4.3 Identification oiDimaliella Species

Although the sensitivity of silver staining was not constant and variations within the same
species (between different DNA preparations) were observed, the band patterns were
predominately dependent on the DNA species used. Therefore, the DNA segments amplified
represented the real difference between the DNA sequence of the templates to some extent.
Several DNA bands were found to be specific to each of D. tertiolecta, D. salina and D. viridis
(Figure 5.1-5.5). These bands may be satisfactory to distinguish between these three species,
however, the reproducibility of these bands and whether they serve the purpose for the
determination of other related species remains to be studied.

5.4.4 Future Studies

5.4.4.1 Phylogenic Study oiDimaliella Based on RAPD

Assuming that the DNA segments obtained from RAPD were specifically amplified for each
species of Dumliella, the similarity of the DNA segments amplified between different species
could theoretically be considered as an 'evolutionary clock' that indicates the separation time of
different Dimaliella species. Since the DNA segments obtained from RAPD were randomly
amplified from the whole genome, they could represent functionally different DNA regions of
the genome, such as the introns or extrons inside some genes, regulatory sequences or some
other DNA regions. Therefore, the phylogenic study based on RAPD has the advantage that it
represents the overall evolutionary history of the whole genome rather than only particular
genes.

With the limited data obtained from this approach, an analysis of the phylogenic relationship
between these three Dimaliella species was attempted (Appendix V). The results indicate, on
face value, that D. salina is more closely related to D. viridis rather than D. tertiokcta.
However, to precisely apply RAPD to the phylogenic study of Dimaliella species, the sensitivity

of this method must be measured. This means that the extent of band simüarity between and
within species must be determined. Determination of the sensitivity of tiiis metiiod needs the
analysis of band patterns obtained from otiier DimaUella species and to multiple DNA
preparations from tiie same Dumliella species obtained from different sources. In addition to
Dunaliella. useful information may also be gained by introducing Chlamydonwnas, a genus of
alga which is morphologically very simüar to Dumliella (section 2.1.2) and comparatively weU
studied.
5.4.4.2 Improvement oftiiereliability of RAPD
As discussed above,tiieappHcation of the RAPD assay to the identification of Dumliella species
appeared to highlighttiiedifferences between three species. However, the reproducibüity of the
results remains to be defined, and it is possible tiiat some of tiie 'common bands' were simply
DNA segments of similar molecular weighttiiatmigrated a similar distance, ratiier tiian DNA
segments amplified from homologous templates.
i .

The reliability of the identification and phylogenic studies based on RAPD could be improved as
follows.
(1)

(2)

Using a more stable DNA polymerase preparation such as Stoffel fragments (Bassam et
al, 1992) of Taq polymerase could improvetiiereproducibility of RAPD.
I

Increasing the specificity of DNA segments to be amplified may also yield a more
reliable and reproducible result One possible way to increase the specificity of RAPD
has been developed by Zabeau and Vos (1992). In their study, the genomic DNA was
first digested by endonuclease. Following that an 'adaptor' of known sequence was
ligated to the restricted DNA segments. Finally, random primer PCR was performed
using primers with an elongated nucleotide sequence that was complementary to the

linker sequence. The use of longer primers enabled the annealing temperature to be ,
increased, which then increased the specificity of PGR amplification.
(3)

The variations caused by the method used for band detection could be reduced.
For example, the primers can be fluorescence labeled and analysed by a 'gene scanner'
(e.g. 373A DNA sequencer. Applied Biosystems). Such devices have a detection
system which reduces some variations inherent in the method used here.

(4)

The amplified DNA segments can be developed to probe the species-specific sequence
or be cloned and sequenced. In our laboratory one specific band amplified from
D. salina widi primer MG13 has been successfully cloned (L. Pease, personal
communication) and the possibility of using this cloned DNA segment as a probe to
identify Dimaliella species is still under investigation.

5.4.4.3 Application of RAPD to Gene Cloning
Another useful application of RAPD is to amplify DNA segments from a cDNA template. Only
DNA segments from functional genes can be amplified using this approach. The appearance
and disappearance of some bands in the amplified DNA band pattern could be correlated to
functional changes in the cells. Therefore, this is perhaps a method for cloning unknown
genes, such as genes involved in the production of P-carotene. The design of primers for this
approach has been suggested by Gibson and Somerville (1993).

5.5 Chapter Conclusion
Distinctive DNA band patterns were obtained using the RAPD assay from single strains of three
different species of Dimaliella: D. tertiolecta, D. salina and D. viridis. The band patterns were
predominantly dependent on the primers used and the DNA species with some variations due to
the methods used for purification of DNA template. Numbers of bands specific to each species
were observed and these bands may be useful in determination of Dunaliella species. To apply
RAPD assay to the phylogeny of Dunaliella, algae from other genus, other Dimaliella species
and the same Dunaliella species from different sources need to be analysed. The reproducibility
and reliability of RAPD are limited (section 2.7), but are capable of being improved by further
development.

Chapter 6: Conclusion
To obtain genomic information from Dunaliella for the development of a more reliable
classification system, the random amplified polymorphic DNA (RAPD) assay was applied to
tiiree established Dunaliella species.
The first stage in performing RAPD was DNA extraction and purification. The results suggest
that SDS-potassium acetate purification (Long et al, 1989) was a more suitable procedure than
the CTAB method (Towner, 1991) for isolating purity genomic DNA from Dunaliella.
The second stage was optimization of the PCR conditions. The concentrations of PCR reagents
were selected from previous information of Caetano-AnoUe et al (1992) and Myers (1992) and
were found to be satisfactory. The DNA band pattems of RAPD were influenced mainly by the
primer sequence and DNA polymerase preparations. Other factors, such as MgCl2 and dNTP
concentrations, and the temperature profiles affected the appearance of the weaker bands.
However, small changes to the concentrations of primers and templates had little effect on the
DNA band pattern. The most reproducible DNA band pattern included seven major bands
(within the molecular weight range of 564 to 2322 bp) with Tth DNA polymerase and RL3.
This band pattern appeared to be identical with D. salina and D. tertiolecta. One of the weaker
bands was found specific to D. salina, however, this result was not reproducible.
Finally, in the comparison of three Dunaliella species {D. tertiolecta, D. salina and D. viridis),
distinctive DNA banding pattems for each species were revealed with ten different primers.
DNA fragments specific to each of these three species were obtained. These DNA fragments
could be useful fortiieidentification oí Dunaliella species. However, to confirm this result and
apply RAPD totiiephylogenic study of Dunaliella species, algae of other closely related genus
(such as Chlamydomonas\ otiier Dunaliella species and the same Dunaliella species from
different sources need to be analysed. Comparative analyses of the band pattems of each
species, similar totiiatof Appendix V, could than be undertaken witii confidence.

APPENDIX I:

Procedure and Buffers: CTAB Extraction

I-l Extraction procedure:
1. Grinding:
1.

Pre-cool an unglazed ceramic mortar by half fiUing with Hquid N2.

ii.

Gently immerse the cell pellet in the mortar.

iü.

Grind the ceU peUet with a pestie for 2-5 minutes.

2. CTAB treatment:
i.

Transfer powdered cells to an Eppendorf tube, add CTAB buffer (10 ml/2.5 g of
cells) at 65°C and incubate for 15 minutes.

ii.

Add equal volume of chloroform-isoamyl alcohol (24:1), invert several times to
form an emulsion. Centrifuge at 10,000g for 10 minutes. Transfer the upper aqueous
layer to anotiier Eppendorf tube.

iii.

Add 0.2 Vol. of 5% (w/v) CTAB and repeat the chloroform-isoamyl alcohol extraction.

i V.

Measure the volume of the aqueous phase, transfer to anotiier Eppendorf tube. Add an
equal volume of precipitation buffer. Gentiy invert to mix and incubate at 4°C for 15
minutes.

V.

Centrifuge at 3000g, 15 minutes, 20°C to sediment tiie nucleic acid. Add TE
(pH8.0) containing 1 M NaCl to dissolve tiie sample.

3. Precipitate tiie DNA:
i.

Add 2 volumes of ethanol pre-cooled to -20 °C. Mix gentiy and centrifuge the
precipitated DNA at 10,000g for 10 minutes at 4 ^ , then discard the supernatant.

ii.

Resuspend the DNA samples in 70% etiianol, centrifuge at 10,000g for 10 minutes at
4°C.

iii.

Redissolve tiie DNA witii TE buffer.

1-2 Buffers for CTAB Extraction:
CTAB buffer:
2% (w/v) CTAB
O.lMTris
20niMEDTA
1.4M NaCl
1% polyvinylpyrolidone (PVP)
Adjusted to pH 8.0 with HCl.
TE buffer:
lOmMTris
ImMEDTA
Adjusted to pH 8.0 with HCl.
Precipitation buffer.
l%(w/v) CTAB
50niMTris
lOmMEDTA
Adjusted to pH 8.0 with HCl.

APPENDIX II

Procedure and Buffers: SDS-potassium acetate
Purification

II-1. Procedure for SDS-potassium acetate purification:
1. Harvest the cells: About 100 ml of culture was centrifuged at 750 g for 10 minutes.
2. Wash the cells: Resuspend in 50 ml of 0.17% NaCl. Pellet the cells as above.
3. Cell lysis:
i.

Resuspend the cells in 5 ml of Rochiax buffer (Rochiax, 1982)

ii.

Add 0.625 ml of 10% SDS, incubate at 65°C for 30 minutes.

4. Precipitation of cell debris with potassium acetate:
i.
ii.

Add 1.5 ml of 5 M potassium acetate, mix well and keep on ice for 1 hour.
Centrifuge at 10,000 g for 10 minutes at 4 °C. Collect the supernatant

5. Spool out the DNA: Add one volume of absolute ethanol, stand at room temperature for 5
minutes, mix gently and spool out the fibrous DNA.
6. Wash the DNA with 70% alcohol.
7. Dissolve the DNA and digest the RNA:
Redissolve the DNA in 12 ml of TE containing 1 ^ig/ml of RNase A. Incubate the DNA at 65 °C
for 10 minutes then at 37 °C for 30 minutes.
8. Chloroform-isoamyl alcohol extraction: Add one volume of chloroform-isoamyl alcohol
(24:1), mix well and centrifuge at 10,000g for 5 mmutes.
9. Make to 250 mM sodium acetate, add 0.6 volumes of isopropanol, leave at room temperature
for 5 minutes. CoUect the DNA peUet by spooling with a sealed Pasteur pipette or by
centrifugation at 5000g for 15 minutes.
10. Wash the DNA with 70% ethanol, and redissolve it in TE buffer.

II-2 Buffers for SDS-potassium acetate purification:
Rochiax buffer (Rochiax, 1982):
20mMEDTA
50mM Tris
O.IM NaCl
Adjusted to pH 8.0 with HCl.
TE buffer:
lOmM Tris.HCl
ImMEDTA
Adjusted to pH 8.0 with HCl.

Appendix III:

Determination of the molecular weight for the
DNA samples

To determine the molecular weight of the bands shown in Figure 3.1, the log (molecular
weight) of the markers were plotted against the distance migrated in the gel. The result is
given in Figure III-l. Based on the regression line of best f i t , the molecular weights of the
bands in Figure 3.1 were determined. The molecular weight of the major band for each lane
was the same (=20 kb). Another band (Figure 3.1, lanes 4 and 6) appeared between the
loading slot and the major band was of 50 kb. However, the distance migrated for this '50
Kb band' was actually beyond the linear region of the regression line. Thus the actual
molecular weight of this band could be much higher.
Figure III-l: Determination of molecular weight
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o
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(cm)

Appendix IV: Determination of Molecular Weight of the DNA
Bands Shown in Chapter 4
IV-1 Simple Regression Line for the Determination of Molecular
Weights
The simple regression lines were obtained by plotting the log molecular weights of molecular
weight markers (2322, 2027 and 564 bp) against their corresponding migrated distance. The
results is given in the following formulas.
Gel 2
Gel 3
Gel 4
Gel 5
Gel 6
Gel 7
Gel 8
Gel 9
Gel 10:
Gel 11:
Gel 12:

Log (MW) = 3.5446 -0.11187 X distance (cm), R2 := 0.998
Log (MW) = 3.5519 -0.11133 X distance (cm), R2 = 0.997
Log (MW) = 3.5792 -0.14051 X distance (cm), R2 = 0.998
Log (MW) = 3.5601 - 0.09876 X distance (cm), R2 = 0.997
Log (MW) = 3.5333 -0.11348 X distance (cm), R2 = 0.997
Log (MW) = 3.5442 -0.10728 X distance (cm), R^ = 0.997
Log (MW) = 3.5463 - 0.09256 X distance (cm), R2 = 0.997
Log (MW) = 3.5431 -0.09113 X distance (cm), R2 = 0.997
Log (MW) = 3.5508 - 0.00690 X distance (cm), R2 = 0.997
Log (MW) = 3.5272 - 0.09835 X distance (cm), R^ = 0.997
Log (MW) = 3.5683 - 0.08520 X distance (cm), R^ = 0.997

IV-2 Determination of the Molecular Weights
Determination of the molecular weight of the specific band for D. salina (Figure 4.4, Gel 2) was
based on the regression line for Gel 2 described above. The molecular weight of this band was
2148 bp. The determination of the most reproducible bands (using Tth, primer 3 and standard
concentration of PGR reagent) for each Gel was based on the sunple regression lines described
above. The average molecular weights of these bands were 1998,1854,1381, 1303, 797, 747
and 693 bp (Table IV-1)

Table IV-1: Molecular weight (bp) of the Most Reproducible Bands from D. tertiolecta and D.
salina:
Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
Gel 2 1986
1840
1351
700
737
1283
776
Gel 3 1995
1862
1414
702
1345
812
765
Gel 4 1923
1803
1347
705
752
1283
803
Gel 5 2014
1943
684
1379
722
1335
773
Gel 6 1972
1800
684
1368
730
1298
790
Gel 7 2008
1887
693
1438
720
1303
835
Gel 8 2021
1836
710
1377
758
1319
808
Gel 9 2023
1860
708
754
1387
1316
787
Gel 10 1995
670
1370
737
1265
810
Gel 11 1995
1862
741
681
1318
776
Gel 12 2054
762
1282
1387
793
693
Ave.
1998
1854
747
1381
1303
797

Appendix V:

Determination of the Phylogenic Relationship
Between Dunaliella Species

The phylogenic relationship between D. tertiolecta, D. salina and D. viridis were determined
using the following formula (Nei and Li, 1979).
F = 2Nxy/ Nx+Ny
Where F is the proportion of the DNA segments remained unchanged during the evolution. Nxy
is the number of DNA segments shared by species x and y, Nx and Ny are the DNA segments
from species x and y, respectively. Therefore, the value of 1-F represents the proportion of
DNA segments changed during the evolution. The number of DNA segments amplified for
each Dunaliella species and the bands shared by two of these three species are given in Table V1.

Table V-1: Comparison of Band Patterns Between Dunaliella Species
D.

tertiolecta

D.

salina

D.

virldia

T Vs S

T Vs V

S Vs V

A2

(Figure

5a)

27

28

30

14

10

13

A4

(Figure

2a)

25

24

21

10

8

6

AS

(Figure

la)

12

8

13

1

1

2

A6

(Figure

2a)

2

0

0

0

0

0

A8

(Figure

3a)

4

7

10

4

5

3

A9

(Figure

la)

23

11

19

4

5

5

A10

(Figure

5a]

24

25

25

11

6

12

RL3

(Figure

3a)

20

24

21

10

8

10

17

22

26

8

6

14

154

1 49

165

62

49

65

0.4092

0.3072

0.4142

MG

13 (Figure
4a)
Total (a)
F

(a)

A2

(Figure

Sb)

A3

(Figure

4b)

A4

(Figure

2b)

AS

(Figure

lb)

A6

(Figure

AS
A9

21

19

23

8

9

12

17

13

13

5

6

7

26

29

29

10

8

6

17

12

25

3

5

7

2b)

2

0

0

0

0

0

(Figure

3b)

16

11

13

4

6

5

(Figure

lb)

15

16

24

6

6

8

A10

(Figure

Sb

15

31

26

7

6

15

RL3

(Figure

3b)

24

31

29

11

12

15

18

16

0

12

0

0

171

178

1 82

66

58

75

0.3782

0.3286

0.4167

128

107

140

0.3937

0.3179

0.4154

MG

13(Flgure
4b)
Total (b)
F

Total
F

(b)
(a-fb)
(a+b)

325

327

347

* The use of primer A3 in set 'a' was inconsistent, therefore the results was not shown.
F: the proportion of DNA fragments remained unchanged between two species. T Vs S: the comparison between
D. tertiolecta and D. salina. T Vs V: the comparison between D. tertiolecta and D. viridis. S Vs V: the
comparison between D. salina and D. viridis.

The proportions of the bands changed (1-Fa+b) between D. tertiolecta and D. salina , D.
tertiolecta and D. viridis, and D. salina and D. viridis are 0.6063, 0.6821 and 0.5846.
Therefore, D. salina is possibly more close related to D. viridis rather than D. tertiolecta.
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